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1.1

SECTION 1.0

INTRODUCTION

Background

The fate of explosive residues in soil and groundwater is a concern to the Department of
Defense (DoD). To date numerous DoD sites in the U.S. have been identified as having
explosives-contaminated groundwater, and additional sites continue to be identified. Hence,
the Army has prioritized “Explosives in Groundwater” as the fourth highest requirement in the
area of environmental restoration research and development. The Army Requirements
Statement being addressed include explosives in groundwater, organics in groundwater, and
solvents in groundwater (Reference: ESTCP proposal guidance). Explosives contaminants
found at the DoD sites include: TNT, RDX, HMX, and DNT. Because the explosives-~
contaminated groundwater is affecting drinking water supplies both on and off several

installations, the DoD is currently providing potable water to affected communities.

As part of the DoD’s program to combat groundwater contamination, the Department of
Defense’s Environmental Security Technology Certification Program (ESTCP) has funded a
project to demonstrate phytoremediation (i.e., vegetation induced remediation) of explosives-
contaminated groundwater using constructed wetlands and plant lagoons. This project is being

executed under a partnering agreement among the:

e U.S. Army Environmental Center (USAEC)
e Tennessee Valley Authority (TVA)
¢ USAE’s Waterways Experiment Station (WES)

The USAEC, as the lead agency, has selected Milan Army Ammunition Plant (MAAP),
located near Milan, Tennessee, as the demonstration site. The other groups are providing
technical expertise in phytoremediation and in the design, construction, and operation of

constructed wetlands and plant lagoons.
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The project is being executed in two phases. Phase I involved a series of plant screening and
treatability studies. During Phase I, standard methods were developed to evaluate the ability of
aquatic macrophytes (large-aquatic-plants) to lower the contaminant levels of TNT, RDX, and
related compounds in explosives-contaminated watér. Then, a variety of submergent and
emergent aquatic macrophytes were screened for their ability to remediate the contaminated
water. Finally, treatability studies were undertaken to test the performance of various wetland
configurations. In Phase II, the field demonstration system will be designed, installed at

MAAP, monitored, and evaluated from both a technical and economic perspective.

This document is intended to serve as the demonstration plan for the operation and sampling
portion of the field demonstration in Phase II. Although, other aspects of Phase II (e.g.,

design, construction , economic data collection, etc.) are also addressed.
Current Practice and Alternatives

The current practice is for contaminated groundwater to be treated by pumping groundwater to
the surface, at rates up to 500,000 gallons per week (50 gpm), and passing the water through
columns of granular activated carbon (GAC). The disadvantage of this technology is that the
explosive compounds are concentrated without being degraded. The compounds absorbed
onto the carbon granules require further treatment. Projected costs per contaminated site are as
high as $8 M for construction and $1.5 M annually (30 years), for operations and maintenance.
In addition, at some installations, the Army is currently spending $1-5 M per site to provide

alternative drinking water supplies for affected communities (Reference: ESTCP proposal).

Alternate treatments involve oxidation of the explosives compounds with ultraviolet {uv)
radiation or a combination of hydrogen peroxide and ozone. These technologies have the
advantage of degrading the contaminants, but they are energy intensive and still require that
the effluent stream be polished with activated carbon to remove remaining by-products.

A third approach is the use of constructed wetlands/plant lagoons. Constructed wetland and
plant lagoon systems are well suited for removing a broad range of contaminants from
surface and groundwater sources. These natural-based systems are appealing as remediation

technologies due to:
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Aesthetics
Ease of operation

Low capital and operating expenses

Degradation pathways in these systems are complex due to variations in the contaminates

involved and the nature of the wetland/lagoon. But wetland/lagoon designs are generally

based on the combined action of higher aquatic plants (emergent and/or submergent), and

microbial populations composed of algae, bacteria, and fungi. Important parameters that are

known to influence degradation pathways and kinetic degradation rates include:

Temperature

pH

Dissolved oxygen concentration
Redox potential

Nutrient mix

. Within the past two years, several aquatic-based treatment systems have been evaluated--in

microcosm-scale--for their ability to remediate groundwater contaminated with TNT, RDX,

HMX, and their associated by-products. Relevant activities include:

Scientists at the EPA National Exposure Research Laboratory (Athens, Georgia)
isolated two plant enzymes, nitroreductase and laccase, from various aquatic and
terrestrial plants. These enzymes rapidly degrade TNT, TNT by-products, and, to a
lesser extent, RDX (EPA Annual Report, 1994, Lee Wolfe, personal communication).

Scientists at the Waterways Experiment Station (Vicksburg, Mississippi) are screening

additional submergent aquatic plants for similar enzyme activity.

Scientists at TVA’s Constructed Wetlands R&D Center (Muscle Shoals, Alabama)
investigated the utility of anaerobic and aerobic constructed wetlands for degrading

TNT, RDX, and their by-products. Emergent aquatic plants are also being screened for
their ability to degrade TNT and RDX.
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These studies are the basis for the design of the demonstration-scale wetland-based
‘ remediation systems at MAAP. '

1.3 Project Objectives

The objective of the demonstration is to design, operate, and demonstrate the effectiveness of
constructed wetlands/plant lagoons in remediating explosive-contaminated groundwater; and

to evaluate and compare, with current technologies, the technical feasibility of the respective

wetland-based treatment systems for remediating explosives-contaminated groundwater at an

Army ammunition plant.
Evaluation of treatment efficacy will be based on removal efficiencies for the following:

e Specific explosives
*  Their known by-products

e Biochemical and chemical oxygen demand

. e  Suspended solids

e Selected nutrients

Economic feasibility will be based on cost-benefit ratio analyses of these and other

commercial remediation systems.
14 Approach
This section covers TV A responsibilities in Phase II, which include:
e Developing the demonstration test plan
e Designing, constructing, and operating the field-scale constructed wetland and plant

lagoon demonstration systems at MAAP

e Preparing the demonstration results report
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Two demonstration-scale systems (gravel-based constructed wetlands and a plant lagoons)
were designed in the fall of 1995 to be installed on a parcel of land at MAAP’s area K. The
‘ demonstration facility will be constructed during the second quarter of FY 96, with selected
plant species being planted during April 1996, which will coincide with the start of the
demonstration. The demonstration is proposed to operate through July 1997 to enable data
collection during all four seasons and the ensuing summer months of 1997. The 1997 summer
data will be very important in that, during the summer of 1996, the systems will be acclimating
and the plants will not be well established, therefore, not yielding consistent performance

data.

An area adjacent to building K-100 was selected for use in the demonstration. The
demonstration site is located in area A , Figure 1, to the east of building K-100. Detailed
design information about the wetland/lagoon systems is provided in section 3.0 (technology

description section).

Well MI-146 will be the source of contaminated groundwater for the two demonstration

systems. Sample analysis of the groundwater from well MI-146 on October 4, 1995, indicated
. the following levels (mg/l) of contamination: HMX--0.178; RDX--2.98; TNB--0.15;

TNT--1.99; 2,4DNT--0.026. Nitrate concentrations were also reported at 10.0 mg NO3-N/L.

During the course of the demonstration, water, plant, and substrate samples will be collected
routinely on a biweekly, bimonthly, and quarterly basis, respectively. Water samples will be

analyzed for the following:

e Explosives

o Explosive by-products
e Nutrients

e Dissolved oxygen

e pH

e Temperature

e Suspended solids

e Metals
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e Chlorides |
‘ e Redox potential
e Electrical conductivity

e Chemical oxygen demand

e Biochemical oxygen demand

Intensive sampling will be conducted every two months to quantify the removal kinetics.
During this period plant and sediment samples will be collected in addition to the water
samples described above. Plant tissue will be evaluated with respect to root-shoot weights and
morphology, nutrient content, dry matter content, explosives content and explosive by-
products. Sediment (including gravel) samples will be analyzed for explosives content and

explosive by-products.
TVA will have other responsibilities including:
e Performing all of the analytical analyses for TVA’s Phase I activities.

e Performing compliance analysis and analyzing bimonthly split samples for the

WES/Georgia Tech. Phase I treatability studies.
o All Phase II field-demonstration activities.

o Performing Hyalella azteca, Cerodaphian dubia, Pimephales Promelas, and Chironomus
tentans toxicity testing in gravel and water to access toxicity levels in the overall field

demonstration.
1.5 Schedule
A GANTT chart of TVA related activities is provided in Table 1. Phase Il began on August 1,

1995, and is scheduled to be complete by December 31, 1997. As indicated on the GANTT

chart, there is some overlap between Phase I and Phase I1. Phase I is to be complete by

‘ June 28, 1996.
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2.1

2.2

SECTION 2.0

DEMONSTRATION SITE DESCRIPTION

Site Location

The demonstration will Be conducted at area K at MAAP. MAAP is located in portions of
Gibson and Carrol Counties in western Tennessee, Figure 2.  The city of Milan lies
approximately one mile west of MAAP, Humboldt lies 17 miles southwest, Trenton lies 18
miles northwest, and Jackson lies 28 miles south. The site is approximately 50 miles east of
the Mississippi River. MAAP has a total size of 22,436 acres and is bordered on the northeast
and east by land owned by the Tennessee National Guard and on the northwest by lands owned

by the city of Milan and the University of Tennessee.

Site Description

MAAP facilities include nine active ammunition LAP (load, assemble, pack) lines, one
washout/rework line, one experimental line, one X-ray facility, one test area, two shop
maintenance areas, storage areas, demolition and burning grounds area, an administrative area,
a family housing area, and recreational facilities. In addition, there are medical facilities,
ﬁre/ambulancé stations, ten high pressure heating/process steam plants, 16 low pressure
heating plants, one solar pond, and seven explosives-contaminated wastewater treatment plants
(ECWTPs). There are two sewage treatment plant (STPs) located on the facility; the Wolf
Creek Ordnance Plant (WCOP) STP in the northern portion of the site and the Milan Ordnance
Depot (MOD) STP in the south. A laundry facility for clothing used by on-site personnel
while working with explosives/propellants is located in Area J. Near K-line, there is a large

power plant, a coal pile, and an evaporation pond for the coal pile runoff.

Of the fourteen process areas active by the end of World War II, only nine lines (A, B, D, H, I,
O, V, X, and Z) are in use today. In the past, waste water from various production activities in

the lines was discharged to open ditches that drained from sumps or surface impoundments

Phytoremediation Demo. Plan 2-1 Milan AAP




Milon
Army

Ammunition -
‘ Blont Kentucky s Virginia

Missouri

Arkaonsas North Carolino

Surrounding
Counties

Arkansas

MAAP

Figure 2
‘ Location of MAAP in Western Tennessee

Phytoremediation Demo. Plan 2-2 Milan AAP




23

‘ 23.1

into both intermittent and perennial streams and rivers. Currently, MAAP treats all process
water from lines that generate explosives-contaminated wastewater in the seven ECWTPs.
This wastewater is processed by a packed tower activated carbon absorption system and
discharged under the authority of a National Pollutant Discharge Elimination System (NPDES)

permit.

Acreage not designated as a LAP lines are often used for agricultural purposes.
Approximately 13,600 acres within the MAAP boundary are leased for agricultural use.
Approximately 3,984 acres are used as cropland. Cotton, corn, and soybeans are the main
crops, with smaller amounts of grain sorghum and wheat also grown. In 1990, there were
2,746 head of cattle grazing on the facility. The cattle graze between April and November on
approximately 8,700 acres. In addition, MAAP has more than 6,000 acres of managed ‘

timberland.

Site History

Current Operations

MAAP is a government-owned-contractor-operated (GOCO) military industrial installation
under the jurisdiction of the Commanding General, Headquarters, United States Army
Industrial Operations Command. MAAP is operated by Lockheed Martin Ordnance Systems,

Inc. The current level of employment is approximately 1,200 people.
The current mission includes:
¢ The loading, assembling, and packaging of conventional ammunition items as assigned

e Operation and maintenance, as directed, of active facilities in support of current

operations

¢ Maintenance or layaway, in accordance with regulations for standby facilities, including
any machinery and packaged items received from industry, in such condition as will

permit rehabilitation and resumption of production within the time limits prescribed
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* Receipt, surveillance, maintenance, renovation, demilitarization, salvage, storage, and
issue of assigned field service stocks and V and W group items of industrial stocks as

required or directed

e Procurement, receipt, storage, and issue of necessary supplies, equipment, components,

and essential materials

Past Operations

Construction of MAAP (authorized on December 18, 1940) started in January 1941, and was
completed in January 1942. The H. K. Ferguson Engineering Company, Cleveland, Ohio, and
the Oman Construction Company, Nashville Tennessee, formed the Oman Construction
Company to design and construct the installation. The original land area encompassed
28,521.4 acres. The installation currently encompasses 22,436 acres, as tracts of land have
been sold, deeded, leased, or transferred. Approximately 548 acres enclose the various
production lines; while the storage areas total 7,930 acres; and approximately 1,395 acres are
used for administrative, shop maintenance, housing, recreation, and other functions. Other

acreage is necessary to allow safe distances between areas containing explosives.

Initially, the plant was divided into two separate units: Wolf Creek Ordnance Plant (WCOP)
and the Milan Ordnance Depot (MOD). In July 1943, the Ordnance Plant and Depot merged
into a single ordnance facility, the Milan Ordnance Center, and the Proctor and Gamble

Defense Corporation became the operating contractor for the facility.

During World War 11, the mission of the facility included the production of fuses, boosters,
and complete rounds of both minor and major caliber ammunition; the operation of an
ammonium nitrate plant; and the receipt, storage, and shipment of ammunition. Peak

employment reached approximately 11,000 people.

Milan Ordnance Center was designated Milan Arsenal on October 30, 1945, and the following
month, the plant reverted to government operation and was placed on standby status. The

plant’s mission then included receipt, storage, and processing of ammunition from overseas;
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normal maintenance, surveillance, renovation, and demilitarization; and a limited amount of

new production.

During the early part of the Korean Emergency, the Proctor and Gamble Defense Corporation
assumed operation of the facility, On April 29, 1953, the plant was placed on active status and
employment reached approximately 8,000 people. Principal changes to the plant’s mission
were the increased output of new ammunition, inclusion of experimental ammunition, and the

Phase II Industrial Engineering Studies of all ordnance command loading plants.

Effective July 1, 1954, Milan Arsenal was designated a permanent installation. Also in 1954,
production lines were placed on layaway due to sharp decreases in production schedules. In
1955, two more lines were placed on standby status. By 1957, production had ceased and only

a small demilitarization program at B-line continued.

On October 1, 1957, the industrial activity of Milan Arsenal was placed on inactive status. An

economy and austerity program was put into effect and remained until January 1, 1960, when

. the industrial portion of the Milan Arsenal returned to active status. Later that same month,

the Proctor and Gamble Defense Corporation terminated their contract with the government,

and Harvey Aluminum Sales, Inc., Torrance, California, became the operating contractor.

On November 2, 1961, the industrial portion of Milan Arsenal was designated Milan Ordnance
Plant and the field service portion as Milan Depot Activity. The depot activities were
discontinued on November 16, 1962; however, the field service mission is still being
performed. On August 1, 1963, Milan Ordinance Plant became officially known as Milan

Army Ammunition Plant.

During the 1960’s, existing facilities were rehabilitated and the plant modernized to produce
fuses, primers, delay plungers, delay elements, and boosters; 40mm, 60mm, 81mm, 105mm,
106mm, and 155mm ammunition; mine, grenade, and cluster bomb unit dispensers; demolition
kits; shell metal parts; pelletizing explosives; and to reriovate various items. Martin Marietta,

Inc., gained controlling interest of Harvey Aluminum Sales, Inc., on December 22, 1969.
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During 1971 Lines E, F, and H were placed on layaway. Production was transferred to other
lines, and equipment used to produce metal shell parts was transferred to private industry.

In December 1975, production of items on Z line was canceled. Z line was reactivated in April
1992 and is currently on active status. In 1977, production of items from C line was

transferred to B line. C line was then placed on standby status.

An extensive modernization program began in 1978 and continued through 1985. Production
lines A,C, E, and Z were updated during this program. A project to automate the manufacture
of 60mm and 81mm propellant increments at C line was also completed during this time. This
project led to the development of a melting system at MAAP. Prove-out/production was
completed in October 1983 and the line was placed on layaway in August 1984. Limited

production of 60mm and 8 1mm mortar rounds was transferred to line D.

The X-ray facility at line V was built to consolidate the plant’s X-ray operation in one location.
Previously, X-ray facilities existed at C, D, and K lines. V line contains an underground 4
million electron volt (MEV) X-ray unit, a 2 MEV unit, and a 0.420 MEV unit, and a
fluoroscope. This is the world’s largest facility dedicated solely to non-destructive testing of

ammunition.

Other upgrades to MAAP included the construction of explosives-contaminated wastewater
treatment plants, (ECWTPs), built as six production lines under a contract issued by the U.S.
Army Corps of Engineers (USACE). Construction began in October 1979 and was completed
on March 13, 1981. An additional ECWTP was constructed in area J for pretreatment of the
laundry wastewater. Construction began in April 1992 and was completed in November 1993.
These plants remove explosive contaminants from the process water before discharge, using
activated carbon filtration. These discharges are regularly monitored by an environmental
laboratory constructed in 1980. The spent carbon generated by the ECWTPs is a listed
hazardous waste (U.S. EPA number K0465). Spent carbon is stored in the hazardous waste
storage igloos in area D before transport to an off-site treatment, storage, and disposal facility.

Effective January 7, 1985, Martin Marietta Corporation sold its interest in the aluminum
business and organized another company, Martin Marietta Ordnance Systems, Inc., (MMOS),
to operate MAAP. In 1994, Martin Marietta Corporation became Lockheed Martin Ordnance

Systems, Inc.
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Site Characteristics

Climate

The MAAP area is located in a temperate climatic zone which averages 50 inches of rain per
year. Average evaporation is 40 inches per year. The monthly mean temperature ranges from
400 F in the winter months to 80° F in July. The average frost-free season is 215 days per

year.

Geology

Western Tennessee (including MAAP) lies on the eastern flank of the Upper Mississippi River
Embaymeht. Structurally, the Embayment is a downwarped downfaulted trough whose axis
approximates the present course of the Mississippi River. Sediments ranging in age from
Cretaceous to Recent have been deposited in this trough during its complicated history which
included advances and regressions of the sea. These sediment consist of sand, gravel, lignite,

clay, chalk, and limestone units that vary in thickness.

MAARP is situated on the Memphis Sand of the Claiborne Group of Tertiary age in the Gulf
Coastal Plain of Western Tennessee. The altitude and thickness of stratigraphic units beneath
Milan, Tennessee are inferred on the cross section from data for observaﬁon wells in Gibson
and Carroll counties. The Memphis Sand outcrops in a broad belt across western Tennessee,
but, is covered in most places by fluvial deposits of Tertiary and Quaternary age and loess and

alluvium of Quatemary age.

Topography

MAAP lies within the coastal plant province of the Mississippi Embayment. The topography
of MAAP, and the surrounding area, is characterized by gently rolling hills with elevation
ranging from approximately 590 feet at the southern facility boundary to approximately 320
feet at the northern boundary.
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Seil Type

The surface soils at MAAP consist chiefly of a reddish-brown to yellow mottled silty clay that
grades into a clay unit with depth. The soil types include the Memphis, Loring, Grenada,
Calloway, Henry, Falaya, and Waverly soil associations. Based on topography, the Memphis
and Loring series occur on higher elevations and are well-drained soils. The Henry soil series
is somewhat poorly drained and is usually associated with flat terrain while the Falaya and

Waverly occur in the low areas and are poorly drained.

Logs from borings drilled at the site indicate that the upper 12 to 15 feet of soil consists of
reddish-brown to tan, silty, low-plasticity clay with some layers of sandy and highly plastic
clay. Below these depths, sands with varying amounts of silts and clay have been encountered.
Occasional gravel, up to 3/8 inch in diameter, has been encountered during boring operation.
A more sandy alluvium of lesser thickness (5-10 feet) was observed in several areas near
surface drainage features. Natural and artificial drainage systems have incised into the

alluvium in several locations.

Surface Waters

Numerous perennial and ephemeral surface water features occur within MAAP and flow to the
north-northwest. Wolf Creek, the largest interior drainage body, originates at the East Fork of
Wolf Creek near Pine Lake at the southeastern boundary. Along with two other tributaries
(Dry Creek and West Fork of Wolf Creek), Wolf Creek drains the southern and central
portions of the installation. It exits along the northwest boundary and empties into the
Rutherford Fork of the Obion River. The extreme southern portion of the installation drains
south to the Middle Fork of the Forked Deer River. The northeastern portion of the installation
drains to Halls Branch, Johns Creek, and the Rutherford Fork of the Obion River. The
northern portion of MAAP contains several well-developed, ephemeral, natural drainage
bodies (defined alphabetically as Ditches A through E) that join the Rutherford fork along the
northern boundary of the installation. The two parent streams, the Forked Deer River and

Obion River, empty into the Mississippi River about 60 miles west of MAAP.
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Groundwaters

Sand in the Claiborne and Wilcox Groups are principal sources of groundwater in western
Tennessee. At MAAP, the Memphis Sand of the’ Claiborne Group is the major aquifer.
Although groundwater is also abundant in the underlying Wilcox and Cretaceous sediments
(i.e., McNairy Sands), it has not been necessary to tap these deeper sources in most areas.
Within the northern section of the MAAP, depth to groundwater ranges from 10 to 70 feet

below land surface, depending on the topography and hydraulic location.

The major controls on groundwater movement in the Memphis Sand are the dip of the
sediments, surface topography, and surface recharge and discharge patterns. Groundwater
flow in the MAAP area is generally to the west, in the direction of regional dip of these sands,
and can also trend to the north because of topographic influences. The gradient of the
groundwater flow is estimated to be about 7.5 to 11 feet/mile to the northwest within the
northern portion. On a general scale, there are no abrupt hydrologic boundaries in the aquifer.
The formation is recognized as sand with clay rich zones which méy locally alter vertical
groundwater flow; stratification of the sediments tends to make vertical conductivity’s lower
than horizontal conductivity’s. The sands range from very fine to very course-grained, and the

grain size may vary both horizontally and vertically over short distances.

The clay units that dominate the stratigraphic section below the Wilcox Group to the top of the
Cretaceous McNairy Sand are known as the Porters Creek Clay, the Clayton formation, and the
Owl Creek formation. Collectively, these formation constitute a stratigraphic unit which is

approximately 425 feet thick and begins approximately 250 feet below the surface at MAAP.

The McNairy Sand is an artesian aquifer that underlies the installation and begins
approximately 500 feet below the Claiborne group. The McNairy Sand is approximately 200
feet thick near the Tennessee-Mississippi state line and contains cross-bedded, variegated
-sands with lenses and interbeds of clay and lignite. Clays are common to the McNairy sand

and relatively large clay bodies occur stratigraphically near the middle of the formation.

Phytoremediation Demo. Plan 2-9 Milan AAP




2.4.7

Groundwater Contamination

In the past, wastewater from various production activities was discharged to open ditches that
drained from sumps or surface impoundment into both intermittent and perennial streams.
Discharge of wastewater to the open ditches was stopped in 1981. However, several of the
ditches are thought to have been affected by past activities. Currently, the suspected source of
existing groundwater contamination at MAAP is effluent drainage ditches from ammunition

production lines prior to the 1980°s.

Investigation of the existing ECWTPs indicate that the discharge from these units, containing
approximately 20 parts per billion (ppb) total nitrobodies, are not likely to be a significant
contributor to groundwater contamination. In addition nitrobodies are not accumulating in
significant concentrations in the sediment or soils along the ditches. Hence, supporting
evidence suggests that the existing levels of groundwater contamination at MAAP are related

to activity prior to the installation of the ECWTPs in 1981.

Unfortunately, a number of off-post areas may be impacted by MAAP-derived contaminant

found in the groundwater (Figure 2B). These areas include:

® Areas within the city of Milan

® An area between the post and the city of Milan
o The area of Rutherford Fork, Obion River

» Residential wells

e UT’s Agricultural Station

Recent (early 1994) monthly monitoring studies by the Army have detected RDX in two of the

city of Milan’s public water supply wells (wells 3 and 4), but at levels below the USEPA
Health Advisory level of 2 ppb. However, in early 1994, RDX concentrations exceeding the 2
ppb health advisory level were detected in one city well (well 5) and the well was shut down.
These wells are located northwest of the post within the city limits. Suspected source areas are
Z line, which has discharged to ditch D, and X line, which has discharged to ditch E, prior to
1981.
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Regular sampling of residential wells off-post since 1982, indicate that contamination has been
’ detected in residential wells at the Bledsoe residence and New Hope Church. Ditch D, located

on-post, is the suspected source of this contamination.

The bulleted areas listed above are located near or adjacent to the off-post sites where
contamination from explosive compounds has been detected. Again, the on-post drainage
ditches are the suspected sources of this contamination. Over time, these compounds may
have leached into the groundwater and moved off-post along the natural course of groundwater

flow, which is to the north-northwest.

o
1
—
o
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3.1

3.2

SECTION 3.0

TECHNOLOGY DESCRIPTION

Applications

Constructed wetlands and plant lagoon systems are used for removing a broad range of
contaminants from surface and groundwater sources. Degradation pathways in these systems
are complex, but are generally based on the combined action of higher aquatic plants
(emergent or submergent), and microbial populations composed of algae, bacteria, and fungi.
Important parameters known to influence degradation pathways and kinetic degradation rates

include:

e Temperature

° pH

e Dissolved oxygen concentration
e Redox potential

e Nutrient mix

Description

Two demonstration systems will be installed at MAAP. Figures 3 and 4 illustrate the
conceptual layout of these systems. Demonstration A is a subsurface flow (SSF) constructed
wetland system in which anaerobic and aerobic (reciprocating) cells are coupled in series to
optimize treatment. In addition, the water level in the aerobic cells is varied (or reciprocated)
to improve aerobic conditions within the aerobic cells. This is accomplished by periodically
pumping water from one aerobic cell to the other. Both the anaerobic and aerobic cells will be
planted with a mix of emergent wetland plant species. Demonstration B is a Surface Flow
(SF) Constructed Wetland that consists of two lagoons, in serial arrangement, in which

various submerged aquatic plants will be cultured.
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Selection of plant species for both demonstrations was based on biomass-normalized kinetic

constants (k) for TNT and RDX removal. These k values were developed, and refined, for a
broad range of aquatic plant species as part of the 1995 Phase I treatability studies. Plant
selection for the constructed wetlands was also influenced by the plant’s ability to supply

carbon.

Emergent species selected for use in the constructed wetlands are canary grass (Phalaris
arundinacea), wool grass (Scirpus cyperinus), and sweet flag (Acorus calamus). Submerged
plant species selected for use are sago pond weed (Potamogeton pectinatus), water stargrass
(Heteranthera dubia), and elodea (Elodea canadensis). Parrotfeather (Myriophyllum
aquaticum), which can grow as both emergent and submerged, has been shown to readily

degrade TNT, and will remain viable year round, will be included in both systems.

Construction of the demonstration systems will follow protocols developed by TVA in the
development of their Constructed Wetlands R&D Facility (see also Steiner and Watson, 1993).
Each unit (or cell) will be constructed above-ground, using insulated, standard 4 foot
prefabricated poly wall panels and will be double-lined with 45 mil geosynthetic liner
(EPDM). Some excavation and earth moving will be required to obtain required depths and to

provide back-fill against the panels.

Design calculations are based on a total hydraulic retention time of 10 days and a minimum
demonstration flow rate of 5 gal/min (19 L/min to each system). Example design calculations
are provided in Table 2. These calculations show the area and depth of the individual

demonstration units.

Influent and effluent manifolds will be installed on all cells. Flow meters and totalizers will be
installed at the influent and effluent section of each unit to record flow data, to quantify rates
of evapotranspiration, and to facilitate mass balance calculations. Sampling ports will be

installed throughout each of the demonstration units to allow ease of sampling utilizing sondes
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Table 2
‘ - Design Calculations for Wetland and Lagoons Systems.

.| SURFACE FLOW WETLAND (OR LAGOON):
This system will consist of two cells with a 10 day total/system retention time

(5 gal/min x 60 min /hr x 24 hrs/day x 10 days) / 7.48 gal/ ft = 9,625 ft’
Assume average water depth of 2 ft.: 9,625 ft3 /2 ft=4,813 ﬂ2
2

Two lagoon in series: 4,813 ft™/ 2= 2,406.5 ft2 per lagoon with 2 ft (0.6 meter) depth

For cell dimensions assuming an aspect ratio of one to 2.5 aspect ratio = 2 lagoons 31 ft x 78 ft. (9.5 x 24 meters)

with 1 foot soil depth and 2 ft of water depth.

SUBSURFACE FLOW WETLAND SYSTEM:

This system will consist of :

One Anaerobic cell with 8 day retention time:

‘ (5 gal/min x 60 min /hr x 24 hrs/day x 8 days) / 7.48 gal/ ft* = 7,700 ft’
7,700 ft* / (4.5 ft depth x 0.45 porosity) = 3,802 ft?
Cell dimension assuming aspect ratio of one to three =36 x 106 ft with 4.5 ft (1.4 meter) water depth

Aerobic Cell with 2 day retention time:

(5 gal/min x 60 min /hr x 24 hrs/day x 2 days) / 7.48 gal/ ft’ = 1,925 ft*
1,925 ft* / (4.5 ft depth x 0.45 porosity x 0.75 fraction pores filled) = 1,267 ft?

Cell dimension = 36 x 36 ft with 4.5 ft depth (11 x 11 meters wifh 1.4 meter depth)
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and discrete samples, and to enable estimation of spatial variability (in both the horizontal and

. vertical).

Explosives-contaminated water will be pumped from well MI-146 directly to the influent
manifolds at a flow rate of 5 gpm/system (19 L/min) and resulting in a retention time of 10
days in each system. The combined flow to both systems will be limited by the capacity of the
pump at well MI-146; which, based on pump tests, is expected to deliver 16 gpm. Each system
(SSF wetland or SF lagoon) will be designed for a maximum of 8 gpm (30 L/min) to provide
flexibility of treating larger volumes of water if shorter retention times prove to be adequate
for treatment. Each of the two water delivery systems will also be connected to independently
pumped nutrient delivery systems, so prescribed amounts of nutrients can be fed into each
system on demand. The pumps will be connected to timers to allow for addition of nutrients

during predetermined time periods.

Water shall enter the first cell at the inlet end through a distribution header located near the top

~ of the cell (Figure 5)--just below the surface of the gravel bed or lagoon. Flow out of the first

. cell will be through a collection header located near the bottom at the opposite end of the cell
and into a standpipe located in the outlet sump. The outlet sump shall discharge, by gravity,

into the to the inlet manifold of the second cell (Figure 6). The height of the stand pipe in the

outlet sump will be adjustable and will be set at the desired water level of the first cell. Flow

and level control through the second cell shall be the same as the first, with discharge from the

second cell through granulated activated charcoal beds and then to the sewer.

To promote anaerobic conditions within the SSF wetland; a carbon source, milk powder, will
be added to the first gravel bed every 14 days, or the retention time of the system. The amount
of milk starter to be added to the SSF wetland will equal 700 mg per liter of wetland water.
The milk powder will be added to the wetland via two headers placed 4 and 24 feet from the
influent header. The header will contain 6 evenly spaced % inch holes. Two 200 gallon vats
of concentrated milk powder solutions will be made for delivery through the headers. 275 kg
of milk powder will be added to each 200 gallons of potable water. Each solution will be

. delivered through the header at a flow rate of 0.7 gpm (2.6L/min). To ensure complete mixing
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of the milk powder with the wetland water, the water in the wetland cell will be recirculated
during addition of concentrated milk powder solution. The water will be pumped from the
bottom of the effluent end to the influent end near the surface at a flow rate of 150 gpm (568
L/min). The addition of milk powder and recirculation rate will occur over a set time of
approximately 5 hours to ensure only one bed volume of wetland water is recirculated.
Recirculating only one bed volume is considered important to make sure the concentration
profile of explosives is maintained at high concentration near the influent and low

concentration near the effluent.

The water level in the SSF will be set at 3 cm below the surface of the gravel beds (with 10 %
inches or 0.2667 meters of freeboard). The lagoons will also have 10 ¥ inches (0.2667 meters)
of freeboard. Freeboard levels of both systems can be adjusted by the manipulating the
effluent standpipes in each cell. Current freeboard levels take into consideration the maximum

100 year rainfall rate at Milan (7 2 inches in a 24 hour period).

The anaerobic cell in the subsurface-flow (SSF) constructed wetland (cell Al, Figure 3) will
initially be inoculated with commercially available forms of anaerobic bacteria used in
household septic tanks. The microbial population should increase rapidly due to the available

nutrient supply from fertilization with milk starter.

The aerobic cell in System A will be divided into two equal sections. Sumps will be placed in
each section. Submersible pumps will be placed in each sump to allow for sequential
movement (fill and drain) of water from one section to another. The pumps will be controlled
by digital programmable timers (Omron Corporatio.n). Pump rate and duration will control

volume of water moved from cell to cell.

Effluent streams will leave both systems and will drain into granular activated carbon beds
before discharge to the sewer. The purpose of the activated carbon beds is to reduce total
nitrobodies to below 50 ppb. The sewer leads to the Wolf Creek Ordnance Plant Sewage

Treatment Plant, having outfall 009. The sewage treatment plants total nitrobodies levels are
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3.3

limited to 70 ppb by MAAP’s NPDES permit. Thus, the total nitrobodies in the water entering

the sewage plant will be below the NPDES permit requirement.

Advantages and Limitations

Natural-based constructed wetlands/lagoons have found acceptance as a technology for
treatment of a wide variety of contaminated waters including acid mine draiﬂage, municipal
wastewater’s, diesel fuels, and paper and pulp waétewater (Kadlec and Knight, 1996). The
technology has appeal due to: low cost, ease of operation, and aesthetic considerations. The
primary advantage of the technology is that the treatment system is passive, hence, the primary
cost of the technology is incurred in building the wetland. This generally results in low overall
costs. For example, when the technology is used to treat acid mine drainage the cost of
constructed wetlands, about $2 per thousand gallons, is less than half the cost of chemical
treatment ($3.75 thousand gallons). With respect to the current program, constructed wetlands

are being offered as a inexpensive technology to biologically degrade explosive compounds.

The primary disadvantage of constructed wetland technology is that the degradation process is
biological and thus affected by seasonal temperature fluctuations. For example, winter
temperatures in the northern U.S. are known to severely limit plant and microbial growth and
are expected to limit the subsequent biological degradation of explosives. However, the
relationship between climatic conditions and actual biological degradation of explosives has
not been thoroughly explored. Hence, the range of regional application may be larger than
currently expected. As more is learned about the climatic limits of the technology,

recommendations can be made on the locations in the U.S. in which constructed wetlands

.could successfully remediate 'explosive contaminated groundwater.
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SECTION 4.0

TECHNICAL PERFORMANCE CRITERIA

The primary goal of the demonstration is to remediate the level of TNT down to 2 ppb and the
total nitrobodies in the contaminated groundwater to levels 50 ppb -- below the 70 ppb limit of
MAAP’s NPDES permit. Total nitrobodies include TNT: RDX; HMX: 2.4 DNT; 2,6 DNT:
and TNB. The approximate initial total nitrobody concentration in the contaminated
groundwater is approximately 6,350 ppb. Therefore. greater than a 99% removal efficiency for

total nitrobodies is needed to successfully meet the demonstration goal.

A secondary goal of the demonstration is to produce effluent waters from the wetlands that
would be acceptable for surface water "discharge — beyond the mere removal of total
nitrobodies. Since BOD. pH. and TSS are common chemical parameters for NPDES permits
for surface water discharges, these parameters will be analyzed in effluent waters. The BOD is
closely related to COD and organic C content of water. The COD and organic C will be
analyzed throughout the wetland systems to determine effectiveness of the systems at reducing
final BOD concentration in effluent waters. By-products of explosive degradation, such as 2,6
DANT and 2,4 DANT. and toxicity of effluents waters will be analyzed to evaluate whether or

not effluent waters would be safe for surface water discharge.
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‘ SECTION 5.0

COST PERFORMANCE CRITERIA

Cost information for the wetlands/lagoon systems will be collected by TVA. Capital cost

information to be collected will include:

e Battery limits cost of building the treatment system including:
e Direct cost
Purchased equipment
Purchased equipment installation
Piping (installed)
Instrumentation and controls (installed)
Electrical (installed)
e Indirect cost
‘ Engineering and supervision
Construction overhead
Contingency
Contractors fee
e Time required to build treatment system
¢ Costs of decommissioning the treatment facility
e Time required to decommission the facility
» Offsites (examples include roads, utility equipment, buildings, fencing, lighting, etc.)

e Total plant investment

e Start-up allowance

e Cost of construction capital (also called “Escalation” or “AFUDC--Allowance for funds
used during construction”)

e Total depreciable investment

e  Spare parts inventory

e  Working capital

‘ e Total capital investment
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* Average capital investment
. Operations and Maintenance cost to be collected will include:

. Direct labor

e Maintenance labor

e Supervision

e Utilities (electricity)

e  Operating supplies

¢ Maintenance materials

e Laboratory analysis (analysis necessary for operations only)

e Plant overhead (administration, purchasing, clerical, custodial, etc.)

Where it is not possible to collect specific pieces of information, this information will be

. estimated.

Based on the information collected, TVA will estimate the treatment cost for the contaminated
water on a $/thousand gallon basis. This cost will include the total cost of water treatment but
will not include costs associated with assessing the level of contamination at the site or
collecting the water for treatment. In addition, TVA will assess economic feasibility based on
cost-benefit ratio analyses of the treatment cost of wetland/lagoon systems relative to other
commercially available remediation systems. These other technologies will be identified at a

later date.
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SECTION 6.0

. SAMPLING PLAN

6.1 QOverview of Sampling Operations

Both treatment systems (the constructed wetlands and plant lagoon) will be sampled with three

objectives in mind:

e Assessment of treatment efficiency via routine sampling of the waters (approximately

every two weeks).

e Assessment of the kinetics of explosive degradation and fate via intense sampling of the

wetlands during various seasons (every 2 months).

Routine monitoring of the surrounding environment (dissolved oxygen of water, pH

L]
‘ temperature, redox potential. electrical conductivity, etc.).

An outline for the routine water sampling, required for assessing treatment efficiency, is
provided in Table 3. This information includes analytes. sampling frequency, method. and
sample position number. The samples will be taken from within the treatment system (Figure

7). Position numbers | through 7 refer to water samples taken from:

e The influents of the first cell of both systems (sample points 1 and 4).
e The effluents from the first cell of both systems (sample points 2 and 3),
e The effluents from second cell of both systems (sample points 3 and 6).

e The effluent discharged to sewer (sample point 7).

The explosives. explosive by-products. nutrient samples. related water flow, and
environmental data (DO. pH. EC. Redox. and temperature) will be collected every 2 weeks.
Total flow volumes at positions i-6 will allow the concentration data to be evaluated in terms

‘ : of loading rates and removal rates in units of mass/wetland area/time (e.g.. g/m2/d). Mass of
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Table 3

Routine Sampling: Outline of parameters analyzed, frequency of

sampling, method of analysis, and sampling position.

Water Quality Parameters Frequency Method (1) “Position # )
TNT Every 2 weeks Modified 8330 1-7
RDX Every 2 weeks Modified 8330 1-7
TNB Every 2 weeks Modified 8330 1-7
HMX Every 2 weeks Modified 8330 1-7
2,4 DNT Every 2 weeks Modified 8330 1-7
2,6 DNT Every 2 weeks Modified 8330 1-7
2A-DNT Every 2 weeks Modified 8330 1-7
4A-DNT Every 2 weeks Modified 8330 1-7
2,6 DANT Every 2 weeks Modified 8330 1-7
2,4 DANT Every 2 weeks Modified 8330 1-7
BOD Every 2 weeks 405.1 Series 1-7
COD Every 2 weeks 410 Series 1-7
Total Organic Carbon (TOC) Every 2 weeks 415 Series 1-7
NH4-N Every 2 weeks 350 Series 1-7
TKN Every 2 weeks 351 Series 1-7
(NO3+NO»)-N Every 2 weeks 353 Series 1-7
(PO4-P) Every 2 weeks 365 Series 1-7
Ca, Mg, Fe, Mn, Cu, Ni, Zn, Pb, Cd Every 2 weeks 300 Series 1-7
pH, DO, Temp, EC Every 2 weeks 150,170, 360, 1-7

and 120 Series

pH, temp., redox, DO, EC

Four measurements a

150,170, 360,

8-15 at mid-depth

day, downloaded and 120 Series

‘ every 2 weeks
Suspended Solids Every 2 weeks 160.2 Series 3and 6
Chloride Every 2 weeks IC 3and 6
Total flows Every 2 weeks Meter 1-6
(1) See Appendix B for details on methods and procedures.
(2) See location of sampling positions in Figure 7.
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explosives can be obtained by multiplying concentration by total volume. The combination of
evaporation and evapotranspiration will also be evaluated by the difference in total volume

flowing into and out of each cell.

Suspended solids and chloride are additional parameters to be determined only at positions 3
and 6. Since suspended solids and chloride are likely parameters to be included in an NPDES
permit for surface water discharge, these parameters are included to evaluate if the wetland
effluent water quality would be suitable for surface water discharge should the technology be

adopted.

To determine the treatment efficiency of the carbon beds, water samples will be taken every
two weeks both before (locations 3 and 6) and after (location 7) the carbon bed treatment. If
concentrations of nitrobodies become greater than 50 ppb at location 7, the carbon bed will be

concluded to be saturated and will be replaced.

A second sampling scheme, for assessing the kinetic removal of explosivgs. is oytlined in
Table 4. This sampling will occur every 2 months and is designed to determine effects of
season and wetland age on removal kinetics and fate of explosives. In this scheme, water
samples will be collected from three wells placed along the width of the wetland in each
quadrémt shown for positions 16 to 29 (Figure 8). Full depth water samples will be composited
from the three wells in each position to represent water with specific time of treatment along

the length of the wetland.

- Transect (cross-sectional) data collected from the quadrant positions will be used to evaluate

the appropriateness of first-order kinetics to describe removal of explosives in the wetlands.
First-order kinetic constants obtained from the demonstration are deemed important for future
design considerations of such systems and are described in detail in the Experimental Design

section.
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Table 4

Intensive track sampling: Outline of parameters analyzed, frequency of
sampling, method of analysis, and sampling position.

Water Quality Parameters Frequency Method Position
TNT Every 2 mos. Modified 8330 1-7,16-30
RDX Every 2 mos. Modified 8330 1-7,16-29
TNB Every 2 mos. Modified 8330 1-7,16-29
HMX Every 2 mos. Modified 8330 1-7,16-29
2,4 DNT Every 2 mos. Modified 8330 1-7,16-29
2,6 DNT Every 2 mos. Modified 8330 1-7,16-29
2A-DNT Every 2 mos. Modified 8330 1-7,16-29
4A-DNT Every 2 mos. Modified 8330 1-7,16-29
2,6 DANT Every 2 mos. Modified 8330 1-7,16-29
2,4 DANT Every 2 mos. Modified 8330 1-7,16-29
Azoxy compounds Every 2 mos. Modified 8330 1-7,16-29
TAT Summer of ’97 only CE 1-7,16-29
Chemical Oxygen Demand (COD) Every 2 mos. 410 Series 1-7,16-29
Total Organic Carbon (TOC) - Every 2 mos. 415 Series 1-7,16-29
Ammonia Nitrogen (NH4-N) Every 2 mos. 350 Series 1-7,16-29
Total Kjeldahl Nitrogen (TKN) Every 2 mos. 351 Series 1-7,16-29
Nitrate & Nitrite Nitrogen (NO3+NO>- Every 2 mos. 353 Series 1-7,16-29
N) _
Orthophosphate (PO4-P) Every 2 mos. 265 Series 1-7,16-29
pH (lab samples) Every 2 mos. 150 Series 1-7, 16-29
pH, DO, Temp, EC Every 2 mos. 150,170, 360, and 1-7, 16-29
120 Series
Toxicity test Winter and Summer | Ceriodaphnia dubia 3,6, and
of ‘97 and Composite
Pimephales of 1 and 4
promelas (Plus Two
Duplicates)
Metals Every 4 months 300 Series 1-7, 16, 19,
21,22,25,
26,29
Explosives in sediments
TNT Every 2 mos. Modified 8330 30-37
RDX Every 2 mos. Modified 8330 30-37
TNB Every 2 mos. Modified 8330 30-37
HMX Every 2 mos. Modified 8330 30-37
2,4 DNT Every 2 mos. Modified 8330 30-37
2,6 DNT Every 2 mos. Modified 8330 30-37
2A-DNT Every 2 mos. Modified 8330 30-37
(Table continued on next page)
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Table 4 (Continued)

sampling, method of analysis, and sampling position.

Intensive track sampling: Outline of parameters analyzed, frequency of

Water Quality Parameters Frequency Method Position
Explosives in sediments (cont)
4A-DNT Every 2 mos. Modified 8330 30-37
2,6 DANT Every 2 mos. Modified 8330 30-37
2,4 DANT Every 2 mos. Modified 8330 30-37
Azoxy compounds Every 2 mos. Modified 8330 30-37
TAT Summer of ’97 CE 1-7,16-29
Toxicity test Winter and Summer Hyalella azteca 18,21, 24,28
of ’97 and Plus two
Chironomus tentans | Duplicates
Explosives in plants :
TNT Every 2 mos. Modified 8330 30-37
RDX Every 2 mos. Modified 8330 30-37
TNB Every 2 mos. Modified 8330 30-37
HMX Every 2 mos. Modified 8330 30-37
2,4 DNT Every 2 mos. Modified 8330 30-37
2,6 DNT Every 2 mos. Modified 8330 30-37
2A-DNT Every 2 mos. Modified 8330 30-37
‘ 4A-DNT Every 2 mos. Modified 8330 30-37
2,6 DANT Every 2 mos. Modified 8330 30-37
2,4 DANT Every 2 mos. Modified 8330 30-37
Azoxy compounds Every 2 mos. Modified 8330 30-37
TAT Summer of *97 CE 1-7,16-29
Hydraulic tracer analysis
Bromide (overall mixing) Every 4 mos. YSI 6000 sonde 2,3,5,6
Bromide (short circuiting) Every 8 mos. Ion chromograph 38-52
(1) See Appendix B for details on methods and procedures.
(2) See location of sampling positions in Figures 7 and 8.
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The fate of the explosives added to the demonstration wetlands will be assessed by collecting
sediment, gravel, and plant samples in positions 30-37 (Figure8) once every 2 months.
Subsamples of the materials will be collected along the width of the cells and combined at the
identified positions which represent areas in the first and second half of each cell. The samples
will be analyzed for bound by-products or explosives, or assimilated by- products or
explosives. This analysis will help determine if toxic by-products are forming in the wetland

systems due to incomplete degradation.

Activities will be performed to further evaluate the potential existence of toxic compounds
forming due to incomplete degradation of primary explosives. Ecological toxicity tests will be
conducted on both the effluent waters and sediments as indicated in Table 4. The aquatic
toxicity test will use Ceriodaphnia dubia (daphnia) and Pimephales promelas (fathead
minnows) as an indicator species. Daphnia and fathead minnows are common indicator species
for evaluating toxicity of aquatic phases in the environment. The sediment toxicity test will use
Hyalella azeteca and Chrionomus tentans as an indicator species. The use of Hyalella azetca
and Chironomus tentans will be used as outlined in EPA method 100.1 and 100.2 respectively.
These organisms are selected as the best organism for assessing the effects of industrial effluent
loads on the biological integrity of aquatic sediments. In addition to the outlined work here, it is
recommended that additional work be conducted on identifying degradation by-products if

sediment toxicity is observed.

Environmental information will also be collected. Weather information (rainfall, air
temperature, and barometric pressure) will be obtained from Milan ammunition plant. Incident
solar radiation will be collected with a LICOR Quantum sensor placed at the site. The -daily
condition of the wetland’s water will be monitored at sample positions 8 through 15 (Figure 7),

for variations in:

Dissolved oxygen (DO)
e  pH

e Temperature

e Redox potential

e Electrical conductivity (EC)

Phytoremediation Demo. Plan 6-8 Milan AAP



The .water conditions above will be tracked though the use of monitoring sondes. The sondes
will be located at mid-depth and located to quantify space- and time-related differences. Four
measurements a day will be obtained and the information will be downloaded biweekly (every
two weeks). Each of the programmable sondes are capable of monitoring and recording five
parameters; are equipped with an independent data logger; and can be deployed for up to 30

days.

Hydraulic mixing in the wetland reactors will be assessed by using bromide as a tracer. Two
types of tracer testing will occur. One type will assess the overall mixing of each wetland cell
by introducing bromide at the influent and monitoring bromide concentration with an ion-
selective electrode placed in a YSI 6000 Sonde in the effluent sump (positions, 2, 3, 5, and 6).
Another tracer test will evaluate the existence of short circuiting by adding bromide at the
influent and obtaining whole water column samples along the width of the cell near the effluent
header pipe of each wetland cell (positions 38 to 52) as shown in Fig. 9. The overall mixing test
will occur every four months and the short-circuiting test will occur every eight months (Table
4). Note that the design of the SSF’s wetlands reciprocating cell precludes short circuiting,

therefore, short circuit testing will not be performed on this cell.
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. 6.2 Sample Collection and Laboratory Procedures

6.2.1

Water, Sediment, and Plant Sampling Procedures

During routine sampling, conducted every other week, water samples will be collected from
positions 1, 4, and 7 (Figure 7) by opening sampling valves placed in the PVC lines. Effluent
samples will bé collected from each wetland cell from a collection sump at the end of each
wetland for sampling positions 2, 3, 5, and 6. The water samples in the sumps will be
collected as whole water columns. Water samples collected from PVC valves or whole water
column samplers will be placed into a 4 L glass beaker. Part of the solution will be transferred
into a 1 L wide-mouth plastic bottle and another part will be transferred to a 60 mL amber
glass bottle wrapped in aluminum foil. Both the 1 L and 60 mL collection containers will be
placed in an ice chest containing ice or a commercial ice substitute and will be transported to
the laboratory in the custody of a TVA employee. Samples will be refrigerated upon arrival to
the lab. Water collected in glass containers will be analyzed for explosives and degradation
products. Water collected in the 1 L plastic container will be analyzed for other water quality

parameters as outlined in Table 3.

The pH, DO, temperature, and EC of the water being collected and sent to the lab will be
determined in excess water collected in the 4 L glass beaker after transferring enough water
into 1 L and 60 mL amber bottles for laboratory analyses for positions 1, 4, and 7. A YSI
sonde probe will be placed in the beaker, submerging all proBes below the water level. For
positions 2, 3, 5, and 6, a YSI sonde probe will be placed into the effluent collection sumps at
mid-water depth. The pH, DO, temperature, and EC will be monitored and recorded on a data

collection sheet in the field.

During the sampling periods that will occur once every 2 months, water samples will be
collected from positions 1-7 in the same fashion as described above. For positions 16-29,
(Figure 8) water will be taken from slotted PVC pipes placed vertically in the wetlands during
construction. Water will be sampled with a water column sampler. Three PVC pipes will be

placed in each sampling quadrant equally spaced across the width of the cells. A whole water
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column sample will be taken from each of the three PVC pipes within each quadrant and
composited to represent one water sample from a specific distance between the influent and
effluent headers. The whole water column samples collected will be placed in a 2 L beaker.
When all three wells have been sampled within a specific quadrant, a 50 mL sub-sample will
be placed in a 60 mL amber glass container (glass wrapped in aluminum foil) and a 1 L sample
will be placed in a 1 L plastic wide-mouth bottle. The samples will immediately be placed in
an ice chest containing ice or a commercial ice substitute and will be transported to the
laboratory in the custody of a TVA employee. All samples will be refrigerated upon arrival in
the lab. All samples received from the test site shall be handled in accordance with TVA’s
chain of Custody procedures (see section 6.2.4). The sample containers will be labeled to
identify date collected, location, and project identification. A YSI sonde probe will be used to
determine pH, DO, temperature, and EC by placing the probe at a shallow and deep depth
within each PVC well in positions 16-29 after collected water samples. The measured

parameters will be recorded on a data collection sheet.

Access to the sampling wells in the gravel beds will occur by walking on top of the gravel. In

the lagoon wetlands, a small flat bottom boat will be used to gain access to the sampling wells.

During intensive track sampling, sediment and plant samples will be taken in the front and
back half of each wetland cell at locations 30 to 37 (Figure 8). In the gravel bed wetlands,
sediment will consist of gravel placed into the system. The gravel will be collected from the
surface to mid depth with a shovel. Gravel will be collected from three locations within each
half section of each cell. Collected gravel will be homogenized in a large bucket. A sub-
sample will be placed in a 4 L wide-mouth brown plastic container, the container will be
wrapped with aluminum foil, and placed in an ice chest containing ice or a commercial ice
substitute. A plastic container will be used to avoid breakage. Adsorption of explosives onto
the plastic container via diffusion of explosives within the gravel to the interior plastic surface
will be assumed minimal. Sediment will be collected from the lagoon systems with a
submerged sediment probe. The probe will be used to collect sediment from ten locations
within each half section of each cell. The locations will be accessed with a flat bottom boat.

The sediments in each cell half section will be homogenized and stored in a 1 L wide-mouth

-
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brown glass container, the container will be wrapped in aluminum foil, and stored in an ice
chest containing ice or a commercial ice substitute. Sediments will be labeled to identify date
of collection, location, and project identification. Upon receipt at the laboratory, sediments
will be kept refrigerated until analysis of contents via acetonitrile extraction (modified method
8330). All samples received from the test site shall be handled in accordance with TVA’s
chain of custody procedures (see section 6.2.4). Analysis of explosive content in the sediment

will be normalized to dry matter weight of sediment by determining moisture content.

For toxicity testing of water and sediments, water and sediment samples will be collected from
each location and stored in a separate container. The sample will be shipped to the TVA
toxicity lab. Toxicity analysis will be conducted on water using Ceriodaphnia dubia and
Pimephales promelas; sediments will be analyzed using Hyalella azteca and Chironomus
tentans. Examples of the approach used by TVA to assess toxicity are provided in Appendix
C in the form of final reports from three previous tests. These reports provide the details of

the procedures used by TVA to conduct toxicity tests.

Plant samples will also be collected from each half of the wetland cell during intensive track
sampling. A representative sample will be collected for each species in each sampling
location. A flat bottom boat will be used to access plants in the lagoon system. The sample
will be weighed immediately after harvesting with a balance in the field to obtain wet weight.
Each sample will be placed in large plastic bags identifying the sample according to plant
species, date collected, location collected, and project description. A subsample will be placed
in a ziploc plastic bag, stored in ice, and properly identified. The subsample will be frozen
once it arrives at the lab and will be saved for nitrobody analysis. The samples stored in large
plastic bags will be taken to the TVA constructed wetlands facility and placed in a forced-air
oven to dry the plant materials at 60° C. After drying, the plant materials will be weighed for
dry weight and ground to pass a 60 mesh screen for subsequent nutrient analysis. The ground
plant materials will be stored in glass containers and labeled according to plant species, date

sample collected, location collected, and project description.
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6.2.2

All samples received from the test site shall be handled in accordance with TVA’s chain of
custody procedures (see section 6.2.4).

Sampling Procedures for Hydraulic Tracer Testing
The following tasks will be performed only if funding is available.

During the tracer tests, bromide will be added as KBr to each wetland cell through the influent
header. A tracer test on overall mixing will first be conducted on the second cell of each wetland
series. Potassium bromide will be added as a concentrated solution to the effluent sump in the
first wetland cell of each series. An YSI 6000 sonde equipped with a Br ion-selective electrode '.
will be installed in the effluent sump of the second cells to monitor Br as it leaves the second cell.
The sonde will be programmed to monitor Br every 30 minutes. In addition to monitoring Br
concentration in the effluent, volume of effluent water leaving the cells will be recorded from the
effluent flow meter every 30 minutes. Monitoring both Br concentration and water volume will
allow for determination of total Br mass leaving the wetland. Bromide mass leaving the wetland
should equal mass introduced into the wetland for accurate analysis of hydraulic mixing. One
week after the tracer test on the second cell of each wetland series, the tracer test will be
performed on the first cell of each series. Bromide will be introduced into the influent header via
the chemical delivery system and Br will be monitored in the effluent sump of the first wetland
cells every 30 minutes via the YSI 6000 sonde. Flows out of the first wetland cells will also be
monitored and recorded.

A second tracer test will test the existence of short circuiting occurring in the cells and will
consist of monitoring Br in 5 wells placed close to the effluent header of each wetland celi.
Bromide will be added to the influent of each wetland as describe for the overall mixing tracer
test. The difference with the short-circuiting test is that whole water column samples will be
taken from each of the 5 wells and analyzed for Br concentration in the laboratory via ion
chromatography. The test for short-circuiting will coincide with the tracer test on overall

mixing.
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. 6.2.3 Field Data Collection Procedures

6.2.4

6.2.5

The water quality field data collected will be include pH, DO, temperature, EC, and redox.

- The data will be collected with YSI 600 and YSI 6000 probes. The YSI 600 sonde will be

used to take one measurement of pH, DO, temperature, and EC in water samples taken during
each sampling event. The YSI 6000 sonde will be used to obtain daily cycles of pH, DO,

temperature, EC, and redox by measuring these parameters every 6 hours.

Before being taken to the field, both the YSI 600 and YSI 6000 sondes will be standardized
according to the procedures outlined by the manufacturer of the probes (Appendices B-3 and
B-4). The hand-held YSI 600 will be standardized in the lab before each trip to the field to
measure pH, DO, temperature, and EC. The YSI 6000 sondes will be removed from locations
8-15 and brought to building K-9 to allow for downloading of the measured data onto a laptop
computer. The downloading procedure is outlined in Appendix B-4. After downloading 2

weeks of data, the sondes will be recalibrated according to manufacturer specification’s
(Appendices B -3 and B-4 ) in building K9.

Laboratory Procedures

Standard operating analytical procedures for data collected in the laboratory, including those
for determining the explosive content of sediment and plants samples, is provided in

Appendices B-1 through B-15.

Sample Storage, Packaging, and Shipping

All samples received from the test site shall be handled in accordance with ALEA procedure

SP-0001, “Sample Chain of Custody” (Appendix B-15).

After sampling, samples shall be refrigerated or stored on ice or a commercial substitute until
shipment. Samples shall be shipped on ice or a commercial substitute. Samples shall be

refrigerated upon receipt.
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6.2.6

6.3

No attempt shall be made to store samples or sample extracts beyond that period of time

required for initial assessment and review of laboratory data.
Blanks

Field quality control samples shall consist of at least one blank and one sample (where the

sample media permits) each group of twenty field samples or subset thereof.

Sampling Equipment

The equipment used for collecting field and laboratory data is outlined in Table 5.

Dissolved oxygen, pH, electrical conductivity (EC), temperature, and redox will be determined
in the field with hand-held instruments. Several types of hand-held instruments are available
for this type of data collection, Table 5. For discrete analysis in time, the YSI 600 sonde will
be the most convenient since it measures DO, pH, EC, and temperature in one probe. The

other single analyte instruments are available and may be used if needed.

The YSI 6000 sondes will be used for taking continuous measurements of water quality. The
TVA Constructed Wetlands Program has twenty YSI 6000 monitoring sondes which are
capable of monitoring and recording five parameters including DO, pH, temperature, redox
potential, and conductivity. Each sonde is programmable and is equipped with an independent
data logger with battery pack and thus can be deployed for up to 30 days. These sondes will be
used to provide water quality information and will be placed at different locations within the
demonstration cells to correlate effects from spatial and temporal differences in diurnal cycles.
Other environmental information on inputs, such as rainfall, air temperature, and barometric

pressure, should be available from UT’s Jackson Agriculture Experiment Station.
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Table 5

Equipment Used for Data Collection

Field Data Equipment
DO, pH, EC, Temperature YSI 600 Sonde
DO YSI 600 Sonde
pH Orion
EC Orion
DO, pH, EC, Temperature, Redox YSI 6000 Sonde
Laboratory Data
Explosives and related byproducts Varian HPLC

Azoxy compounds

Hewlett Packard Capillary Electrophoresis System

TKN, NHy, NO3, and PO4

Lachat Quick Chem 8000 or Technicon AutoAnalyzer II

Dohrmann DC 190

. Organic C
BOD

Incubation and YSI DO probe

COD Hach DR/3000
Metals Perkin Elmer or Thermo Jarrel Ash ICP
pH Orion meter
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Explosive and explosives by-product content will be determined in water and sediments collected
‘ from the field via a high pressure liquid chromatograph. Total Kjeldah! Nitrogen (TKN), NH.-
" N, NO;-N, and PO,-P will be determined colorimetrically via an automatic analyzer. Chemical
oxygen demand will be determined by a colorimetric analysis. Metals will be determined by
inductively coupled plasma (ICP) spectrophotometry. Bromide analysis in the field will occur
with an ion-selective electrode place in a YSI 6000 sonde. Bromide analyses in the laboratory
will occur via ion chromatography. The pH of water samples taken to the laboratory will be
analyzed with a glass electrode and pH meter. (All procedures are referenced in Appendices B-1
through B-14)

6.4 Sampling Documentation

Field sampling logs will be produced and completed at the time of sampling to ensure dates,
times, locations, volumes, flows, and other pertinent data and conditions are recorded. Sample
identification numbers will be written on both the sample bottle and sample log sheet for easy
identification and cross referencing. Sample identification codes or numbers will be assigned in

‘ a logical manner to ensure ea'sc; in correlating between codes and sampling locations. Calibration
records will be kept either in the field sampling log or in another location. Field sampling logs
will be signed by the person taking the samples.

Examples of sample identification numbers to be used are shown in Table 6 for the group of
water samples taken biweekly and bimonthly. For this study, biweekly is defined as once every
other week and bimonthly is defined as once every other month. The first number of ﬂze

sampling scheme is the numeric order of the sample taken, the second identification letter

refers to the frequency group of sample taken (BW for biweekly, BM for bimonthly, and BR for
bromide tracer analysis every four to eight months), ﬂle third identification letter refers to sample
type (AQ for water, SD for sediment, or PL for plant), the fourth identification number refers to
location of samples (as outlined in Figures 7 to 9), the fifth identifier is the date of sample
collection, and the final identifier if the initial of the field person in charge of the sampling. The
total number of samples taken in each group is the highest number of the first identifier. For
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Sample Identification for Collected Water Samples.

Table 6.

Biweekly Bimonthly
1.BW.AQ.1.4/1/96.FJS 1.BW.AQ.1.5/1/96.FJS
2.BW.AQ.2.4/1/96.FJS 2.BW.AQ.2.5/1/96.FJS
3.BW.AQ.3.4/1/96.FJS 3.BW.AQ.3.5/1/96.FJS
4BW.AQ.4.4/1/96.FJS 4 BW.AQ.4.5/1/96.F]S
5.BW.AQ.5.4/1/96.FJS 5.BW.AQ.5.5/1/96.FJS
6.BW.AQ.6.4/1/96.FIS 6.BW.AQ.6.5/1/96.FJS
7.BW.AQ.7.4/1/96.FJS 7.BW.AQ.7.5/1/96.FJS

8.BM.AQ.16.5/1/96.F]S

9.BM.AQ.17.5/1/96.FJS

10.BM.AQ.18.5/1/96.FJS

11.BM.AQ.19.5/1/96.FJS

12.BM.AQ.20.5/1/96.FJS

13.BM.AQ.21.5/1/96.FJS

14.BM.AQ.22.5/1/96.F]S

15.BM.AQ.23.5/1/96.FJS

16.BM.AQ.24.5/1/96.FJS

17.BM.AQ.25.5/1/96.FJS

18.BM.AQ.26.5/1/96.FJS

19.BM.AQ.27.5/1/96.FJS

20.BM.AQ.28.5/1/96.FJS .

21.BM.AQ.29.5/1/96.FJS
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water samples collected for bromide analyses in the laboratory, an additional identifier will be
‘ » included after the date that identifies the time the sample was taken. Plant and sediment samples
‘ will be identified in a fashion similar to that shown for water samples in Table 6 except that SD

or PL will be used rather than AQ.
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SECTION 7.0

EXPERIMENTAL DESIGN

The objective of the field demonstration program is to evaluate the effectiveness of using
constructed wetlands for remediating groundwater contaminated with various explosives and
to obtain sufficient information to transfer the technology to other locations. The treatments in
the demonstration will be the two types of wetlands (subsurface- and surface-flow).
Parameters that can be modified in the systems are flow rate into the wetlands, nutrient input
levels injected into the wetlands, water level, and rate of reciprocating water in the aerobic
gravel bed. Current plans are to set the parameters at predetermined levels and maintain them
throughout the demonstration that will last from April 1996 to July 1997. However, flexibility
still exists to make decisions during the course of the study to alter these adjustable

parameters.

The demonstration will be conducted from April 1996 to July 1997. The groundwater to be
treated contains approximately 0.178 mg/L HMX, 2.98 mg/L RDX, 0.15 mg/L. TNB, 1.99
mg/L TNT, and 0.026 mg/L DNT (see section 1.4). Once every two weeks, samples will be
collected for analysis of explosive and explosive by-product concentrations in the influent and
effluent waters in each wetland cell. General trends in the concentrations with time will be
analyzed and compared in both treatment systems. Because there may be different evaporation
and transpiration rates in both systems, which would affect concentrations, explosive removal

rates will be determined as:

Removal rate (mg/m2/d) = [(flow rate into each system (L/d)) x (influent concentration
(mg/L)) - (flow rate out of each system (L/d)) x (effluent concentration (mg/L))] / (wetland

area (m2))

As with concentrations, the removal rates between the two treatments will be analyzed for their

seasonal trend with time as well as compared to one another.
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Removal rates will be plotted against loading rates into each wetland cell. The loading rate

will be calculated as:

Loading rate (mg/m2/d) = [(flow rate into each system (L/d) x (influent concentration
(mg/L)] / (wetland area (m2)).

A plot of removal rates vs loading rate is useful to assess the range of loading rates that can be
effectively treated by wetlands. The efficiency of explosive compound removal will be
determined by how closely the data fits a 1:1 line in a plot of removal rate vs loading rate

which represents 100% removal efficiency.

The influent and effluent data from each wetland cell will be used to calculate first-order rate
constants assuming plug flow hydraulics. The first-order equation for plug flow hydraulic

assumption for wetlands can be shown as (Kadlec and Knight, 1995):
In [(Co-C*)/(Ci-C*)]=-y(k/q) [Eq. 1]

where Co is the outlet concentration of pollutant from a wetland, Ci is the inlet concentration
of pollutant, C* is a background level of pollutant, k is the first-order rate constant with units
of m/yr, q is hydraulic loading rate in units of m/yr, and y is the fraction of distance from inlet
to outlet. When evaluating concentrations in the inlet and outlet, as Eq. [1] does, y equals 1.
If the background level of explosives in wetlands is assumed to be zero, rearranging Eq. [1]

yields:
k =-qIn (Co/Ci) [Eq. 2]
First-order rate constants will be determined from each set of inlet and outlet concentrations

from each wetland cell using Eq. [2]. The dependency of k with time will be evaluated with

regression analyses.

The first-order rate constants determined from Eq. [2] will be validated with transect samples
collected during intensive sampling. The concentration in the transect samples would take

the place of Co in Eq. [2] and y would be the fraction of distance from inlet to outlet.

In (C/Ci)=-y(k/q) [Eq. 3]

Phytoremediation Demo. Plan 7-2 Milan AAP




Rearranging Eq. [3] yields:
C=exp (In(Ci)-y(k/q)) [Eq. 4]

A plot of C vsy will be constructed using the k value determined from inlet and outlet data
from Eq. [2] and average Ci and q values. The plot of Eq. [4] would be expected
concentrations along the length of the wetland assuming plug-flow hydraulics and first-order
removal of explosives. The actual concentrations from the transect data will be plotted with
the calculated concentrations from Eq. [4] to validate the use of the first-order rate constant in
Eq. [2] to describe the removal of explosives in wet]ands. The determination of k values from
Eq. [2] and subsequent validation of the k values with transect data has been successfully
conducted for several wetlands with regards to suspended solids, BOD, NH4, and PO4 removal

(Kadlec and Knight, 1995).

The first-order rate constants determined from Eq. [2] assumes the existence of a first-order
plug-flow reactor. First-order kinetics in a plug-flow reactor is often assumed for constructed
wetlands for wastewater treatment. However, constructed wetlands rarely exhibit plug-flow
hydraulics. Rather they often emulate a reactor in between plug flow and continuous stirred
tank reactor (CSTR). Use of plug-flow kinetic constants from existing constructed wetlands to
newly designed wetlands is adequate if the degree of mixing in the newly designed wetland has
mixing characteristics equal to or less than the constructed wetland in which the plug-flow
kinetic constant was obtained. However, if the new wetland has better mixing than the existing
wetland, use of the Kinetic constant can result in underdesigning the new wetland for a specific
level of pollutant in the effluent. To adequately transfer the correct rate constants for
explosives removal from the demonstration to other sites, the level of mixing in the

demonstration wetlands will be assessed with tracers.

With tracer testing, the number of CSTRs a wetland emulates can be obtained by plotting the
fractional mass of tracer leaving the wetland (f(t)) vs time (t). The continuous function can be

shown to be:

f(t) =N/ (N-1)! (N /NRT) N-1 exp(-N t/NRT) [Eq. 5]
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where N is the number of CSTRs, t is time, and NRT is nominal retention time. The nominal
retention time is the volume of wetland water divided by inlet flow. Equation S can be plotted
with various N values to determine which N value results in the best fit of the calculated
function to actual tracer data. The best mixed reactor is 1 CSTR (N=1). An infinite number
of CSTR reactors becomes a plug flow reactor (N = infinity). Many surface flow wetlands can
be modeled to 3 CSTR reactors regardless of length to width ratios (Kadlec and Knight, 1995).
For subsurface flow, a mixture of PFR and a combination of CSTR reactors is often needed to

model hydraulic flow.

Once the hydraulic flow through the wetland cell is identified, a unitless Damkohler number

can be calculated from:
Co/Ci=1/[1+Da/N]N [Eq. 6]

where N is the number of CSTR reactors and Da is the Damkohler number. The Damkohler
number is equal to k/q, where k is the first-order rate constant and q is the hydraulic loading
rate. Using outlet (Co) and inlet (Ci) concentrations of explosives and the number of CSTR
reactors identified in the tracer test, Da can be calculated from Eq. [6]. The Da constant can

then be used to calculate an intrinsic rate constants as:

kint = Da (demo) q [Eq. 7]

This intrinsic first-order rate constant is a better reflection of removal rate of explosives since
the actual mixing characteristics of the wetland is taken into account with Da. The kjp¢ can be
used to design other wetlands without making assumptions on the degree of mixing of the
demonstration wetland and any newly designed wetland. The first-order plug-flow constants
will still be calculated and deemed important since they are the most common constants
considered in wetlands treatment and are easily calculated from influent and effluent data. The
first-order plug-flow constants will be compared to the first-order intrinsic constants that take

into account the degree of mixing in the wetland.

Short circuiting of water through the wetland can be evaluated from the tracer detention time

determined from the residence time distribution function in Eq. [S]. If the tracer detention
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time is much less than the nominal retention time, severe short-circuiting may have occurred in
the wetland. A separate tracer test will be conducted to further evaluate short-circuiting by
placing 5 wells across the width of each wetland near the effluent header. Bromide tracer will
be added to the influent and whole water column samples will be taken in the 5 wells near the
effluent with time. Bromide concentrations will be plotted vs time in each of the 5 wells to

determine if there is preferential flow occurring in the wetlands.

The water concentrations of explosives and related by-products are the most critical data to
successfully achieve the objective of the demonstration. Supplementary data on water
chemistry, such as nutrient levels, DO, temperature, redox, EC, and pH, will be correlated with
removal rate constants and explosive/by-product concentrations to evaluate the cause for
greater or lesser explosive/by-product removal in a given wetland system with time.
Extraction of sediment and plant samples for explosive/by-products concentrations will be

used to evaluate fate of explosives in wetland systems.
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‘ SECTION 8.0

QUALITY ASSURANCE PLAN

8.1 Purpose and Scope of the Plan

The purpose of the quality assurance plan is ensure that:

o Sufficient measurements are made to assess the effectiveness of the proposed treatment

methods
. Samples taken are representative of the conditions in the experimental setup
e Samples are delivered to the laboratory for analysis without deterioration
. ® Measurement techniques are sufficiently specific to measure the target compounds
e Data taken are reliable

The quality assurance plan applies to all activities including the operation of the demonstration

facilities, sampling, and laboratory analysis of samples.

8.2 Quality Assurance Responsibilities

The attached organizational chart, Figure 10, shows the TVA organizations providing support

to the project. Responsibilities of staff members area as follows:

* The Project Manager provides overall direction for the project and ensures staffing is

R

adequate to meet project goals and schedules.
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The engineering staff reports to the project manager and is responsible for performing
detailed design engineering and construction, producing the final data evaluation, and

reporting on project activities.

The Wetlands Manager reports to the Project Manager and is responsible for providing
technical direction and staff for development of processes and experimental design. He

also provides oversight of field operations.

Wetlands Facility staff (Muscle Shoals) reports to the Wetlands Manager and is
responsible for designing field experiments and bench scale tests. The staff also

provides technical expertise in design, operation, and assessment of the field test facility.

Field Operation Team (Milan) reports to the Wetlands Manager and is responsible for
the operation of test facilities and documentation of experiments. The team provides for
calibration and operation of test equipment. The team performs field sampling, packages

samples for shipment to the analytical laboratory, and documents sampling activities.

The Laboratory Manager reports to the Project Manager and is responsible for providing
project analytical oversight and for final data integrity. The Laboratory Manager is also

responsible for providing monthly project reports to the Project Manager.

The Quality Assurance Officer of ALEA reports to the Laboratory Manager and has no
direct responsibilities in testing or analysis of the samples. The QA Officer is
responsible for auditing actions and documentation to ensure adherence to this Plan. The
QA Officer is responsible for providing quarterly quality control data reports to the

laboratory manager.

Research chemists and research scientists report to the Laboratory Manager and are
responsible for planning, design, testing, and documentation of the various sub-projects
assigned to them. They are responsible for producing periodic progress reports to the
laboratory manager. They are responsible for review of data falling under their areas of

responsibility.
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83

8.3.1

8.3.2

8.3.3

8.4

e Chemical laboratory analysts and technicians report to the Laboratory Manager and are
responsible for following procedures and instructions to provide analytical
measurements required in the course of the project. They are responsible for review of

the data they produce, documentation of analytical runs, and equipment maintenance.

Data Quality Parameters

Accuracy

Percent recovery, standard deviation, and other commonly used statistical indicators of

accuracy are to be calculated as defined in Chapter 1 of SW-846, 3rd Edition.

Precision

Relative percent difference, standard deviation, and other commonly used statistical indicators

of precision are to be calculated as defined in Chapter 1 of SW-846, 3rd Edition.

Method Detection Limit, Method, Quantitation Limit

Method Detection Limits shall be calculated as defined in Title 40, Code of Federal
Regulations, Part 136, Appendix A, "Definition and Procedure for the Determination of the
Method Detection Limit " - Revision 1.11.

Method Quantitation Limits are defined as five times the Method Detection Limit as in
Chapter 1 of SW-846, 3rd Edition or as the lowest point used in making the calibration curve,

whichever is higher.

Calibration Procedures, Quality Control Checks, and Corrective Action

The precision and accuracy of analytical procedures will be demonstrated before they are used
for analysis of samples. Any modifications to approved methods will be documented in a
written modification of the procedure. Any meodifications found to be necessary will be

reviewed, approved, and promulgated to those performing the work as written procedures in
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84.1

84.1.1

8.4.1.2

accordance with ALEA Procedure GLP-0001 "Laboratory Procedure Preparation” and GLP-

0003, "Procedure Preparation and Distribution."
Under the requirements of Chapters 1 and 4 of SW-846 and the further specific requirements
of Method 8330, a variety of quality control samples shall be run as specified below when

analyzing by HPLC, CE, IC, or FIA.

Initial Calibration Procedures

Laboratory Instrumentation

The calibration frequencies and tests required in Method 8330 and Method 8000A (as
referenced by Method 8330) shall be the guidelines for calibration of the equipment used in the
HPLC ,CE, IC, and FIA methods.

Setup OC

General

ALEA must demonstrate that all glassware and reagents are free of interferences by running
blank samples. Blanks should include acetonitrile, water, methanol, buffers or any other

solvents used in the process.

ALEA must run an initial QC check sample set of known concentration to ensure method

precision and accuracy are defined.

Retention time windows must be established (not applicable to FIA).

Each analyst must demonstrate the ability of generate acceptable results with the methods by

utilizing proficiency samples or standard reference material.
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Method Detection Limits

ALEA must determine method detection limits for each target compound.

Retention Time Windows

For HPLC analysis, three injections are made of each analyte during a 72-hour period and
retention times are determined. Their means and standard deviations are calculated. Plus or
minus three standard deviations from the mean value is to be used as the retention time
window for each analyte. Reference section 7.5 of Method 8000A. When a new column is
installed, retention time windows must be determined. Some commercial peak-identification
software only allow one window per set of analytes. In this case, the largest window shall be

utilized.

Retention times are more variable for CE. Quality requirements are not yet known for this

technique.

For IC, retention time windows will be set according to manufacturer’s recommendation.

Method Accuracy and Precision

A quality control check sample (laboratory control sample) containing each analyte of interest
but made independently from the calibration standards shall be run four times. The average
recovery and its standard deviation shall be calculated for each analyte. The recovery should

fall between 90 and 110%. The relative standard deviation should be 10% or less.

Any analyte which falls outside limits shall be analyzed again in a similar manner after

problems are resolved. (Reference section 8.6 of Method 8000A.)
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‘ 8.4.1.3

8.4.2

8.4.2.1

Field Instrumentation

Field instrumentation (pH, conductivity, dissolved oxygen, and redox potential) shall be
calibrated according to manufacture’s instructions. Specifically, pH meters shall be calibrated
with two commercially purchased buffer solutions which bracket the expected range of

measurements.

Continuing Calibration Procedures

Method 8000A/8330 Calibration QC

Reference Method 8000A Section 7.4 and Method 8330 Section 7.3

For HPLC, calibration will be performed in triplicate with standards of five concentrations
over the range of interest or range of linear response of the device. The lowest concentration

should be approximately equal to the method detection limit.

For HPLC, at the beginning of each day, the midpoint calibration standard will be analyzed in
triplicate. The response factor for the average of these three points must be within 15% of the
response factor for the initial calibration. If not, the machine will be recalibrated. Then at
least every ten samples and at the end of the run, a single midpoint calibration standard will be
run. The response factors for these must be within 15% of the mean daily initial response
factor. Those groups of ten samples preceding and following a midpoint calibration check

which fall outside the 15% limits will be reanalyzed after a new curve is prepared.

For HPLC, a daily retention time window shall be calculated for each analyte using the mean
retention time from the initial midpoint calibration standard plus or minus three standard
deviations as determined in the set-up QC section. If the retention time for any analyte from
subsequent midpoint calibration standards falls outside the window, those sets of ten samples
analyzed preceding and following that midpoint calibration standard must be reanalyzed after

the problem is resolved.
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’ 8.4.2.4

8.4.2.2

8.4.2.3

843

Alternate Calibration for Unstable Operating Conditions for IC or FIA

Calibration will be performed with standards of five concentrations at the beginning of each
day run singly. Concentrations will be as in 6.1.2.1." A midpoint calibration standard will be
run at least every 10 samples and at the end of the run throughout the day. Any group of ten
samples preceding and following a midpoint calibration check which falls outside the 15%

limits will be reanalyzed

Calibration for CE

Calibration will be performed with standards of five concentrations at the beginning of each
day run singly. Concentrations will be according to manufacturer’s recommendations. A
midpoint calibration standard will be run at least every 10 samples and at the end of the run
throughout the day. Any group of ten samples preceding and following a midpoint calibration

check which falls outside the 15% limits will be reanalyzed

Field Instrumentation QC

Field instrumentation quality control checks should be performed by measuring the calibrating

solution immediately after calibration to ensure instrument response is as expected.

In the case of conductivity and pH, solutions prepared separately from the calibration

standards should be used for this check instead.

Dissolved oxygen meters have no calibrating solution. A vigorously shaken water solution

will be used as a check. Shaking saturates water with oxygen

Method Blanks

For NPLC, CE, IC, and FIA, one method blank shall be run with each batch.
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8.44

84.5

8.4.6

8.4.7

Spike Samples

For NPLC, CE, IC, and FIA, one matrix spike shall be run with each batch.

Laboratory Control Samples

For NPLC, CE, IC, and FIA, one quality control check sample shall be run with each batch.

Duplicate Samples

For NPLC, CE, IC, and FIA, one duplicate or matrix spike duplicate shall be run with each V
batch

Definitions

Batch - Usually a group of no more than 20 samples of the same matrix prepared or extracted at
the same time with the same reagents.

Note: If ALEA determines that use of automatic sample changers may be optimized by inclusion

of more samples in a batch, up to 24 samples may be counted as a batch.

Method Blank - A sample of clean reagent carried through preparation and extraction in the

same manner as samples. One method blank is run with each batch.

Surrogates - Chemicals not expected to be present in the samples to be analyzed but with
chemical composition and behavior similar to the analytes under consideration. Surrogates are
added before preparation and extraction to each test sample and quality control sample in a
batch. Surrogate recovery is used to assess matrix effects and to monitor the performance of the
extraction and analytical system. (Note—use of surrogates for CE is a slightly different topic
from HPLC. As we become familiar with the technique, this paragraph may have to be
amended.)
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Matrix Spike - An aliquot of a sample spiked with a known concentration of all target analytes.
‘ Spike concentration is set to read at five times the method quantitation limit in the sample or
" about the midpoint of the calibration curve. One matrix spike is run for each batch. Spiking
occurs 'prior to sample preparation and analysis.
Matrix Spike Duplicate - A second aliquot of the same sample treated in the same manner as

the matrix spike.

AN

Duplicate - A second aliquot of a sample taken independently through extraction and preparation
before analysis.

8.4.8 Other QC Samples

When called for in the method, surrogates should be added to each sample, blank, and quality

control sample before extraction or preparation.
The sampling organization may submit field blanks, field duplicates, reagent blanks, or trip

‘ blanks as instructed in the sampling plan. ALEA shall count these as samples in determining
batch size.

8.4.9 Data Reduction, Validation, and Reporting

8.49.1 Data Reduction
Analytical data reported as a result of this project shall be calculated and reduced on vendor-
supplied chromatographic software. If that software is not adequate to perform all calculations,
any spreadsheets or programs developed to perform the calculations shall be documented in

accordance with ALEA procedure GLP-0017, "Control of Changes to Software."

Chemical laboratory analysts are responsible for calculation and reduction of data.
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8.4.9.2 Data Validation

Group supervisors or team leaders (analytical chemists or research chemists) are responsible for
data validation. They are responsible for review and validation of analytical data produced in
the project.

In supervisory review, data may be accepted on a “use as is” basis even though qﬁality control
checks fall outside limits provided a suitable technical basis is documented and the sample data
are properly coded when reported.

8.4.9.3 Data Reporting

Analytical data are to be reported in units of micrograms per liter for liquid samples. Any

results for solid samples should be reported as .micrograms per kilogram dry weight. When

moisture determinations are not possible, results should be reported either as micrograms pe;'

kilogram wet weight or some other indication shall be given to indicate what basis was used in

reporting results. Method detection limits shall be reported or made available for each run.

Surrogate recovery, recovery of matrix spikes, and recovery of quality control samples shall be
‘ calculated and reported as percentages.

Records of experiments and analyses shall be maintained for a period of three years after the end
of the project. By the ALEA, a duplicate copy of all records shall be provided to the USAEC,
Environmental Technology Division. This shall include machine printouts or chromatogram
traces, logbooks, notebooks, logsheets, standard material use logs, raw data calculation sheets,
etc. Computer media utilized to store analytical file backups or raw data ﬁl‘és shall be stored for
the lifetime of the project plus one year due to the limited lifetime of computer storage media.

8.4.10 Corrective Action

Corrective actions arising from nonconformance determined in the course of audits or analysis of

performance evaluation samples shall be documented and tracked to completion.
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8.5 Calculation of Data Quality Indicators
Data quality indicators shall be calculated as in Chapter 1 of SW-846, 3rd Edition.

8.6 Performance and System Audits

8.6.1 Performance Audits

For target compounds and NPDES compounds, the ALEA Quality Assurance Officer may
introduce unknown quality control samples at a suitable frequency, provided reference material
is available for constructing the samples. ( Note: The lack of availability for commercially |
produced standard reference materials may make this impossible for all analytes.) Purchased
quality control sample sets from reliable vendors should also be utilized for NPDES compounds.

USAEC may introduce blind quality assurance samples into the analytical stream at their
discretion.

‘ For NPDES compounds, ALEA shall participate in each EPA Water Pollution Study for each
analyte studied in this project. ALEA shall investigate any analyte falling outside warning or
control limits and report findings in writing to the QA Officer.

8.6.2 On-Site System Audits

The ALEA Quality Assurance (QA) Officer will periodically inspect logé, records, printouts,
results of quality control checks, documentation, case narratives, research notebooks, and other
quality related aspects of the project to ensure detailed compliance is in effect. Results of these
inspections or internal audits will be reported in writing to the Laboratory Manager.
Nonconformances will be documented and tracked in accordance with ALEA Procedure GLP-
0005, "Nonconformance and Corrective Actions."
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QA Audits, site inspections, surveillances, or performance evaluations (cross-check samples)
‘ may be performed by USAEC during the course of the project.

8.6.3 Contingency Laboratory

No contingency laboratory has been identified.

8.7 Quality Assurance Reports

8.7.1 Status Reports

TVA’s project manager will provide monthly progress reports to USAEC which will contain a
summary of accomplishments and a discussion of significant problems and their resolution. It
will also contain a discussion of any Nonconformances and the corrective actions being taken

to resolve them.
‘ A quarterly quality control data report shall be written by the ALEA QA Officer addressing:

e Changes in this QA Project plan

e Changes in analytical procedures

e Summary of QC program results

e Summary of training

e Results of audits

¢ Results of performance sample evaluations

¢ Data quality assessment in terms of precision, accuracy, completeness, and MDLs

e Discussion of whether QA objectives were met

8.7.2 Audit Reports

Results of internal audits shall be reported in writing to the project manager within 10 working

days of the completion of the audit.
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Data Management and Analysis

Records of experiments and analyses shall be maintained for a period of three years after the
end of the project. This shall include machine printouts or chromatogram traces, logbooks,
notebooks, logsheets, standard material use logs, raw data calculation sheets, etc. Computer
media utilized to store analytical file backups or raw data files shall be stored for the lifetime
of the project plus one year due to the limited lifetime of computer storage media. Analytical

data packages for the project shall include:

e Sample description or identification information
e Sample analytical results with surrogate recoveries
* Quality control sample results with surrogate recoveries and percent recovery of known

compounds

Sufficient data will be maintained such that every analytical result could be reconstructed and

every decision in development of the written procedures can be substantiated.

Unusable data shall not be reported. Data are unusable when quality control samples or
quality control checks fail; however, the records for these attempts at analysis shall be
maintained as will the relevant documentation. Under some conditions, data may be reported
as not detected even though quality control checks fail, this will be considered sufficient,
provided they are properly coded and the technical basis to report them is recorded. The

relevant Data Qualification Codes are as follows:
SM - Surrogate recovery out of limits. Matrix effect suspected.

SD - Surrogate recovery low due to dilution. (Analyte concentration was so high that the

sample had to be diluted to be analyzed.)
NA - Compound Not Analyzed

ND or <MDL - Compound not detected (value falls less than Method Detection Limit)
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TR or Trace - Compound present at trace level, indicated but less than MDL.

MX - Matrix spike or matrix spike duplicate recovery was outside limits due to suspected
matrix effects.

NDQ - Compound not detected (value falls less than Method Detection Limit) but quality
control checks fell outside acceptance limits.
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A-1.0

GENERAL

The project is being executed in two phases. Phase I involved a series of plant screening and
treatability studies conducted off site. During Phase I, standard methods were developed to
evaluate the ability of aquatic macrophytes (large-aquatic-plants) to lower the contaminant levels
of TNT, RDX, and related compounds in explosives-contaminated water. Then, a variety of
submergent and emergent aquatic macrophytes were screened for their ability to remediate the
contaminated water. Finally, treatability studies were undertaken to test the performance of
various wetland configurations. In PhasevII, the field demonstration system will be designed,
installed at MAAP, monitored, and evaluated from both a technical and economic perspective.

The demonstration system will consist of two constructed wetlands (figure A-1). The first will
be a subsurface flow (SSF) type wetland, or gravel bed system, and the second will be a surface
flow type wetland (more commonly referred to as a lagoon). Four wetland cells will be
constructed with each wetland system consisting of two cells. Construction of the four wetland
cells will utilize pre-formed poly panels bolted together to form above ground cells. Some
excavation will be required in order to obtain additional cell depth as well as to assure adequate
gravity flow between cells. In addition all cells will require some excavation and/or fill to
compensate for grade variations of the site. Bracing and backfilling with soil will provide
insulation and support for the above ground portion of the panels. V

The cells will consist of a double lined system with leak detection. After proper excavation and
the cell walls are in place, the first liner will be installed, which will serve as the secondary
containment for the cells. On top of this bottom liner, 3 inches of gravel wili be placed, followed
by the second liner, which will serve as primary containment for the cells. A visual leak
detection system will be provided between the two liners to monitor the integrity of the liners.
Each liner will have geotextile fabric installed on both sides for puncture protection, and extend
up over the top of the cells walls and secured. Piping penetrations through the liners will be
made with manufacture approved boots. After installation of the liners and all pipe penetrations,
and prior to the placement of gravel or soil, the cells shall be filled with water to a level above
the highest pipe penetration, for leak testing.
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PVC piping will be used for the influent and effluent headers, as well as the level control and
‘ . sampling wells throughout the cells. These components will be placed in the cells and then the
. gravel (gravel bed system) or soil (lagoon system) will be installed. For freeze protection, most
piping will be buried in trenches or submerged inside the cells. The small amount of exposed
piping required will be high density polyethylene (HDPE) due to it’s high resistance to rupture
caused by freezing temperatures.

All effluent flow from the cells will pass through granulated activated carbon columns (GAC)
prior to discharge to the sewer. Sample connections will be provided to monitor the final effluent
for removal efficiency as well as the useful carbon life. In order to hve a gravity flow effluent |
form the cells, the GAC columns will be housed in a shallow pit. A watertight, insulated |
enclosure will be provided over the pit and heated during freezing weather.

To access sampling points within the lagoons, two boat decks, compete with boats, will be
installed on the sides of the lagoons (Figure A-1). The boat deck will serve as both a place to
secure and decontaminate the boats as well as a location to decontaminate equipment used to

' sample the lagoons. The floor of the boat decks will be sloped and covered with geotextile fabric
such that liquids on the surface of the floor will flow into the lagoons.

Access to sampling points within the SSF wetland is obtained by simply walking upon the gravel
bed of the wetland or by walking along the sides of the wetland area. (The water level will be 1-
2 inches below the gravel beds).

The wetlands themselves will be install within the boundaries of K-line :at Milan. K-line is
currently an inactive site and it secured by a security fence. Due to it’s inactive status, no Milan
personnel routinely work in the area surrounding the demonstration site. The security fence is
expected to prevent unauthorized personnel, wildlife (large animals), and livestock from entering

the area surrounding the demonstration site.
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The overall risks associated with Phase I and II operations include:

e Low risk to those being in (or near) the area where low concentrations of explosive
materials are handled.

e Moderate risk of accidental ingestion of explosive contaminated water.

e Moderate risk of fall and trip hazards as related to exposed piping.

e Moderate risk of back injury/strains from lifting heavy objects.

e Moderate risk of pinches, scrapes, cuts, and abrasions.

e Moderate risk exists from hazards associated with heat stress (heat cramps, heat
exhaustion, heat stroke) and hypothermia.

e Low risk of being struck by heavy equipment

e Low risk of inhalation from dust hazards

e Low risk of drowning

e Low to moderate risk of snake and spider bites

Risks will be minimized by following safe work practice procedures and standard operating
procedures during the construction phase and by the addition of decontamination procedures
during the demonstration phase.

TVA’s site manager will report to MAAP Commanding Officer with indirect reporting to

MAAP Safety Director. All TVA field personnel will be under functional control of TVA's site
manager.
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A-2.0 KEY PERSONNEL

Milan Army Ammunition Plant:
Position

MAAP Government Contact

MAAP LMOS Contact

MAAP Safety Director

Tennessee Valley Authority:
Position

Project Manager

Site Manager

Safety Director

Phytoremediation Demo. Plan

Name
Pat Brew
Mike Robinson
Bill Bible

Name
Rick Almond
Steven Coonrod

Steven Coonrod

A-7

Phone Number(s)
(901) 686-6291
(901) 686-6727
(901) 686-8482 or 6681

_ Phone Number(s)
(205) 386-3030
(205) 386-2929 or (205) 810-2167
(205) 386-2929 or (205) 810-2167

Milan AAP



A-3.0 MAPS OF WORK AREAS

Figures 1 through 4 of the Demonstration Plan (Sections 1.0 and 3.0) indicate the areas within
MAAP in which TVA personnel will be working. Most of the work will be within these
boundaries. Visits to other parts of MAAP may require a guide or escort.
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A4.0

A4.1

A-4.2

A-43

PERSONNEL PROTECTIVE CLOTHING AND EQUIPMENT
GENERAL

As a minimum, the Milan Army Ammunition Plant Accident Prevention Program and the TVA
Environmental Research Center’s Chemical Hygiene Plan (Attachment A-14.1) will serve as
TVA's personnel protective clothing and equipment guide. All protective clothing and equipment
must meet the minimum standards prescribed by ANSI, OSHA, and TVA.

RESPONSIBILITIES

The TVA site manager will have overall responsibility to ensure that all TVA personnel utilize
the protective clothing and equipmént prescribed of a particular job. Each individual shall be
familiar with the necessary clothing and equipment to do their job and shall keep all items
serviceable at all times.

Any faulty equipment shall be reported to the appropriate TVA personnel for repairs and or
replacement. TVA personnel shall not attempt to repair any equipment other than that belonging
to TVA.

SITE CONTAMINATION

The soil at the area selected for the demonstration will be monitored for contamination with
hazardous materials. The monitoring effort will consist of collecting soil samples at the
demonstration site and analyzing those samples for the presence of haza;dous materials both
before and after the demonstration. The monitoring effort will be performed by the of U.S.
Army/operating contractor representatives at Milan. To date, Jan 30 1996, the Army had
indicated that they have no reason to believe that the soil at the demonstration site is
contaminated with any hazardous material. However, actual collection of soil had not yet
occurred. Construction of the demonstration facility will not commence prior to approval from
the Army and certification that the soil is not contaminated. Should it be determined that the soil
is contaminated, procedures will be put in place to protect the construction workers and to
decontaminate construction equipment.
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A-44

A4.5

The fate of the wetlands facility, after the demonstration, has not been decided. Hence,
procedures for decontaminating and decommissioning the demonstration unit are considered

outside the scope of this test plan.

SITE CONTROLS

After the construction phase, and prior to beginning the demonstration, TVA will establish site
controls. These controls will consist of a designation of work areas for sampling collection and
decontamination of equipment/personnel. The most likely work area will consist of the area
immediately surrounding the test cells. In designating the work areas TVA will take into
consideration the need to minimize work area size as well as the need to safely obtain samples
and maintain the health of the wetlands.

Movement within the work area will be restricted to personnel directly involved in:

e  Assessing or maintaining the wetlands,
e  Obtaining samples.

Access to the work areas will be restricted by the use of access restriction tape and signs
indicating that access to the work area is restricted. The presence of the existing security fence

around K-line will provide additional control by limiting access to the demonstration site.
DECONTAMINATION MEASURES

Equipment/personnel decontamination will occur on the boat deck and/or on gravel bed of the
SSF wetlands. Each of the two lagoons will be equipped with boats for sampling. The boats
will be stored on decks located along lagoons so that contaminated water-from the boats will
drain into the lagoons (Figure A-1). All materials leaving the cell will be placed on a sheet of
liner so contaminated water can be collected and returned to the treatment system. All rinse
water will be collected and returned to the experimental cell or passed through the carbon
treatment system.
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When feasible, equipment/personnel being decontaminated will be decontaminated at the cell
being sampled. However. plant density on the SSF cells may restrict the ability to decontaminate
on the gravel beds of the SSF cells. In this instance equipment needing decontamination will be
placed in a plastic container (to prevent dripping contaminated water onto the soil) and be
decontaminated at one of the boat decks attached to the lagoons. Decontamination of personnel
at the SSF cells is not expected to be a serious problem given that personnel cannot fall into the

water.

All equipment in contact with contaminated water will be decontaminated by washing three
times with distilled water using a common garden type hand sprayer. Distilled water will be
used in preference to chlorinated water which could detrimentally affect single celled organism

in the test cells.

Given that the primary hygiene concern is the presence of water that may not meet drinking
water standards, the primary decontamination personnel will under go is the rinsing of hands
prior to leaving the designated work area. Decontamination will be achieved by a rinsing of the

hands three times with distilled water via the use of a common garden type hand sprayer.

However, given that the open lagoons provide an opportunity to fall into the contaminated water,
personnel having body contact with the contaminated water will be stripped of all clothing and
rinsed three times. The contaminated clothing will be secured in a plastic bag and taken to

Milan’s laundry for cleaning. Replacement clothing will be provided onsite.

SAMPLING ACTIVITIES

Sampling activities will involve the collection of water. soil. and plant samples at various
location around the demonstration site (see section 6.0 of test plan for a detailed listing of

samples to be obtained). Risks associated with theses activities include:

e Moderate risk of accidental ingestion of explosive contaminated water.

e Moderate risk ot snake and spider bites.
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A-4.7

e Moderate risk of fall and trip hazards as related to exposed piping.

e Moderate risk of pinches. scrapes. cuts. and abrasions.

e Moderate risk from hazards associated with heat stress (heat cramps. heat exhaustion.

heat stroke) and hypothermia.
e Low risk of drowning.
.

The samples being obtain are not likely to be highly toxic. under extreme pressure, or present
at unusually low or high temperatures. However. the presence of low levels of explosive
contaminated water will dictate prudent handling to insure against accidental ingestion and

decontamination procedures will be followed (see section 4.5).

Normally sample collection will be achieve by walking to the sampling site and obtaining the
sample. At the lagoons. however, samples will be obtained by entering a boat and rowing to
the appropriate location within the lagoon. This procedure opens up an increase in the

probability of accidental:

e Emergence in contaminated water,
e Ingestion of contaminated water

e Drowning

Given that the level of explosive contamination is low, and the depth of the water in the
lagoons-is only about two feet. it is unlikely that such a event will resuit in severe injury.
Never-the-less anyone immersed in the contaminated waters will undergo decon_témination per
section 4.5 and all personnel working on the boats will be required to wear a life jacket.
Further any personnel subject to ingestion ot contaminated water , or suspected of having

ingested contaminated water. will be subject to medical evacuation and evaluation.

PROTECTIVE CLOTHING AND EQUIPMENT

Currently the known level of hazards present at the demonstration site does not appear to
warrant the use of protective clothing beyond that normally required for construction or

sampling activities. However. should this perception change TVA will provide the necessary
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including, but not limited to: gloves, rubber gloves, safety goggles, coveralls, and hard hats. All
‘ protective clothing and equipment will be stored in TVA's van or Buildings K9 and K100.

All items received from the MAAP will be accounted for and returned to MAAP prior to TVA's
departure from Milan Army Ammunition Plant at the completion of the demonstration project.

A48 SAFETY GLASSES

TVA will provide all TVA personnel with safety glasses or goggles as appropriate to the
situation. TVA personnel requiring prescription glasses shall be provided prescription safety
glasses by TVA. Contact lenses will not be worn on site.

A-49 HARD HATS

TVA personnel will be issued TVA hard hats. The hard hats will be worn when entering a
designated hard hat area. TVA will provide a hard hat storage area for TVA personnel not
‘ working in designated hard hat areas. The demonstration site is not a designated hard hat area
and will not be considered a hard hat area during the demonstration. However, the
demonstration site will be considered a hard hat area during the construction phase.
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A-50 TRAINING

A-5.1 GENERAL

TVA personnel involved in the field work at MAAP and laboratory analysis to be working with
explosive-contaminated water at Muscle Shoals, Alabama, shall be trained by personnel at
MAAP as per MAAP’s minimum safety and security requirements for contractors (Attachment
14.2).

A-5.2 LABORATORY PLAN/PROTOCOL

All TVA laboratory personnel guided by the TVA’s approved Chemical Hygiene and Health and
Safety plans for handling samples for analysis. These plans are based on established practices
for hazardous and toxic materials and the specific requirements of the explosive being tested.
The Laboratory Protocol (Appendix B) and Methods and Procedures (Appendix A) of the TVA
plan cover all laboratory analysis and field sampling procedures.

. A-5.3  ON SITE TRAINING

Upon arrival at MAAP, in conjunction with in-processing and set-up, TVA personnel shall
receive site specific training and orientation as deemed necessary by MAAP/TVA.

All pertinent subjects shall be covered to include but not necessarily limited to:

o Site security -

e Site safety precautions/regulations

e Site warning signals

o Site orientation and facility locations

e Site specific rules and regulations

o Severe weather warnings/conditions/actions

e Emergency response actions
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A-6.0

A-6.1

A-6.2

A-6.3

MEDICAL PROTOCOL
KEY MEDICAL PERSONNEL

Key medical personnel necessary to support any emergencies will be the emergency medical
technicians (EMT) provided by the MAAP fire department. In the event of an accident or
illness beyond the scope of the EMT, the Milan Hospital located in the city of Milan, Tennessee,
would be used. Figure A-2 illustrates the highway route from MAAP to Milan, Tennessee and
shows the location of Hospital. The city of Milan Hospital and Emergency Medical Center is
within 10 minutes of the site. |

TVA's site manager will coordinate all field activities (through MAAP's staff) with the
emergency medical facilities at MAAP. This will ensure appropriate medical coverage and

support is always available in the event a medical emergency occurs.
EMERGENCY PHONE NUMBERS

Key emergency telephone numbers are provided in Table A-1

EMERGENCY RESPONSE EQUIPMENT

The Milan Army Ammunition Plant fire department will provide emergéncy response equipment
and personnel within the MAAP boundary. All TVA personnel will adhere to the MAAP/TVA

standard operating procedures for emergency response. Emergency response actions and

“responsibilities will be included in the initial briefing received by TVA upon arrival at MAAP.

TVA will provide Material Safety Data Sheets (MSDS), or equivalent information, to include
health hazard information and chemical and physical properties, of all chemicals brought on

Phytoremediation Demo. Plan A5 Milan AAP
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‘ Table A-1 - Emergency Telephone Numbers

Service Number
Ambulance (Milan) 17 or 911
Police 6565 or 911
Fire 17 or 911
Safety 6482 or 777
City of Milan Hospital (901) 686-1591 .
Poison Control Center (212) 764-7667
National Response Center (800) 424-38802
Chemtrec (800) 424-9555
MAAP Installation Safety Division (901) 686-6565
MAAP Environmental Division (901) 686-6195
NIOSH: Health Hazard Evaluation (513) 684-4382
OSHA: Technical Data Center (202) 523-9700
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site, to the MAAP fire department. The information will include a list of all chemicals,
quantities, and storage locations. TVA will also maintain the same information in building
K-9.

MSDS’s will be provided at any time additional chemicals are purchased and delivered to
MAAP. All listings will be kept current.

A-64  FIRST AID PROCEDURES
All TVA employees are familiar with first aid procedures. A first aid instructional manual for
TVA employees is provided in Attachment A-14.3. TVA field personnel have been trained in

CPR techniques.

TVA's site manager will coordinate any additional training or first aid-related subjects with the
safety office at MAAP. This will be handled with assistance from the Safety Officer at MAAP.
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A-70 PERSONAL HYGIENE

Eating, drinking, chewing, and smoking will be prohibited within the working area. Only areas
designated for that purpose will be used. Personnel will be required to wash their hands prior to
eating and at any time following the use of chemicals and contaminated explosive items and at
any time contamination is expected.

Smoking materials such as cigarettes, cigars, pipes, matches, lighters, etc., will not be permitted
in the work area. All such items will be left in the areas designated by MAAP and not carried on
the person. |
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A-8.0 PERSONNEL REQUIREMENTS

.The TVA project management team will consist of the following:
e 1 -Project Manager
e Engineers - As required
e Project Engineers - As required
e Computer Analysts - As required
e  Others - As required

The TVA field team will consist of the following:
e 1 - Site Manager
e Professionals (SD and SC) - As required
o Engineering Aides (SE) - As required

The TVA laboratory analysis team will consist of the following:
e 1 -Laboratory Mmer
e 1 - Quality Assurance Officer
e Research Chemists - As required
e Chemical Laboratory Analysts - As required

Phytoremediation Demo. Plan A20 Milan AAP



A-9.0 VISITOR POLICY

All visitors to MAAP will be required to sign in through the MAAP security office to obtain a
visitor's badge and vehicle pass or be accompanied by TVA personnel with a crew badge. All
visitors to the site are required to sign in with the TVA site manager to record the visitors name
and purpose of the visit. A daily log will be maintained by the TVA site manager of all activities
during the project.
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A-10.0 SUPPORT FROM MAAP AND TVA
: MAAP maintains qualified and trained Emergency Medical Technicians (EMT), fire fighting
personnel, environmental officers, and safety officers on site. EMTs and fire fighting personnel
are on duty 24 hours per day. MAAP EMT:s will provide rapid response to emergencies and
transportation to designated local hospitals.

MAAP's Administrative Contracts Officer will serve as TVA's point of contact with TVA as
well as the initial contact for assistance for other MAAP offices (i.c., medical, environmental,
safety, and fire).
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A-11.0 EMERGENCY CONTINGENCY PLAN/ACCIDENT REPORTING

A-11.1 EMERGENCIES

Should events, incidents, or accidents occur beyond the scope of this plan, TVA personnel will
take direction from MAAP or TVA to evacuate the plant site to a safe location as designated.
Return to normal duties will follow an "all clear" notification from MAAP.

A-11.2 ACCIDENTS AND REPORTS

Aécidents resulting in a fatality, lost-time injury or illness, hospitalization of three (3) of more |
personnel, or property damage to government or contractor property (which occurred during the
performance of the contract) equal to or exceeding $2,000.00 must be telephonically reported to
the U.S. Army Environmental Center (USAEC), SFIM-AEC-TSS, phone number (410) 671-
4811, as soon as possible, but not later than two (2) hours after occurrence and reported in
writing within five (5) days of occurrence on DA Form 285 (Attachment A-14.4). Additional

‘ forms may be obtained from the MAAP Safety Office. The above procedure are designed to
meet OSHA regulations requiring notification of fatalities or hospitalization of three or more
personnel within 8 hours of learning of the accident either verbally or by written communication.
All other accidents/incidents must be telephonically reported to USAEC, SFIM-AEC-TSS,
phone number (410) 671-4811, within eight (8) hours of occurrence.

Accidents will also be reported using TVA protocol and procedure (Attachment A-14.5, TVA
Safety Program - Management Practice/Serious Accident Invcstigatiori,‘ Procedure Number
TVA/DASHO/STD/ALL/X.X) through TVA's chain of command and using the appropriate
TVA forms and instructions. Accident reporting forms include:

e Form CA-1 Federal Employee's Notice of Injury (Job Related) — Attachment A-4.6

e TVA 91 79 Claim of Disability (Job Related) — Attachment A-14.7

e TVA 255 TVA Report of Vehicle Accident, Theft, or Fire — Attachment A.14.8

o SR 13 Alabama Department of Public Safety (Private Vehicle) - Attachment A-14.9
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A-12.0

A-12.1

A-12.2

A-12.3

A-124

A-12.5

SECURITY

GENERAL

The facilities and equipment at Milan Army Ammunition Plant, Milan, Tennessee, as well as the

plans, methodologies, and literature contained in this document, are ‘unclassified' concerning

national security. Security, as it relates to personnel-allowed access to buildings, will be
imposed to control personnel at the test sit. MAAP security personnel will control the public's
access to MAAP.

SITE CONTROL MEASURES

MAAP security will control access to all sites within the plant area. Portable barricades in

conjunction with existing gates may be used to control access when necessary.
BADGES

TVA personnel will be issued permanent non-escorted identification badges upon arrival at
MAAP. These badges will be issued in accordance with normal and routine MAAP security
procedures and all badges will be surrendered to MAAP security department upon completion of
this field demonstration period.

VEHICLES
TVA's vehicles, whether U.S. Government vehicles or rental units, will be allowed at MAAP

according to normal security SOP (standard operating procedure). TVA vehicles will be subject
to all governing rules and regulation enforceable at the time the test plan is executed.

CAMERAS

All TVA personnel will be required to register cameras with MAAP's security department upon

arrival. A camera pass will be required for each camera carried on site.

A
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‘ A-12.6 ACCESS

TVA's site manager will control access to the TVA demonstration facilities in coordination and
cooperation with MAAP/TVA. However, security for this operation will be under the direct
supervision of MAAP security personnel in strict compliance with all enforced procedures and
regulations.

A-12.7 FIREARMS

TVA personnel will not be allowed to carry firearms on MAAP.
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A-13.0 SIGNATURES
.' All TVA personnel related to the wetlands project will read this health and safety plan and sign
the form in attachment 14.10 to certify they, the undersigned, have read this Health and Safety
Plan, understand its contents, and will comply with all provisions contained herein. (This record
will be kept on site.)
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A-14.0 ATTACHMENTS
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A-14.1
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September 26, 1995
Center Employees

CHEMICAL HYGIENE PLAN FOR THE CENTER

The most recent revision of the Chemical Hygiene Plan for the Center is attached as is a copy
of the text of Title 29 of the Code of Federal Regulations part 1910.1450. Please review this
document and keep it in your files.

The plan was reviewed and revised by a team consisting of the Chemical Hygiene Officers: Liz
Bailey, Sheryl Cannon, Tim Holt, Robert Johnson, and Bill Rogers. If you have questions
about the document, its applicability, its interpretation, or implementation, please contact one
of the Chemical Hygiene Officers.

William J.Zﬁ 1K-M

WIR:PJIM
Attachment
cc (Attachment):
Files, Center, CEB 1C-M




Chemical Hygiene Plan .
Environmental Research Center
Revision 3
September 30, 1995

‘ Approved by: .
\
oreat D lifollo—
U

Ronald J. Williams
Acting Manager
Environmental Research Center




REVISION LOG

A. Change documentation of quarterly qualitative hood checks to add “or by memorandum to
files.”

B. Revise lists of Chemical Hygiene Officers and Building Emergency Response coordinators.




1.0 Purpose

1.1 This Chemical Hygiene Plan has been developed to set forth administrative procedures
to meet the requirements of Title 29 of the Code of Federal Regulations (29CFR), Part

1910.1450.

1.2 The Chemical Hygiene Plan has as its goal to protect employees from health hazards
associated with hazardous chemicals in the laboratory.

2.0  Scope

2.1  This Plan applies to work and work areas in the Environmental Research Center
involving the laboratory use of hazardous chemicals as defined in 29CFR 1910.1450.

3.0  Definitions
3.1  The following terms are used in this Plan as defined in 29CFR 1910.1450:

chemical hygiene plan, chemical hygiene officer, hazardous chemical, laboratory,
laboratory-type hood, laboratory use of hazardous chemicals, medical consultation, physical
hazard, reproductive toxins, select carcinogen

3.2 OSHA - Occupational Safety and Health Administration

3.3 Action Levels - Action levels are specified in 29 CFR part 1910 subpart Z for certain
chemicals. In their absence, OSHA permissible exposure limits (PEL's) are to be used.
However, TVA has committed to a further set of exposure limits as specified in the TVA
Occupational Health and Safety Standard Number 014, "Threshold Limit Values (TLV's)".
References to "action levels" in this Plan refer to whichever of these limits is less.

34  TVA - Tennessee Valley Authority

4.0  Responsibilities

4.1 Team leaders who are responsible for work which meets the definition of "laboratory
use of hazardous chemicals" shall be responsible for implementation of this Plan within their
team.

4.2 Each team leader who is responsible for work which meets the definition of "laboratory
use of hazardous chemicals" shall appoint a Chemical Hygiene Officer (CHO) who is qualified
by training or experience to provide technical guidance in the development and implementation
of the provisions of this Plan in that team. Should other CHO's be needed at a lower level of




organization, nothing in this Plan prohibits their appointment. See Attachment 1 for a current
list of CHO's.

4.3 The Chemical Hygiene Officers shall provide technical guidance in the development
and implementation of the Plan, shall serve as ex officio members of their teams' Chemical
Hygiene Committees, and shall ensure adequate training is provided to ensure compliance with
this Plan.

44  The CHO's shall ensure hood flows are measured annually as required by this Plan. The
CHO's should ensure hoods are checked qualitatively on a quarterly basis.

4.5  The CHO's shall ensure all hazardous chemicals used in laboratory work are properly
inventoried.

4.6  The CHO's shall ensure records required by this standard are retained for the proper
period of time.

4.7  The CHO's shall meet annually to review the contents of this Plan and revise it as
needed.

4.8  The Chemical Hygiene Committee (CHC) shall be made up of the team's safety
committee and the CHO. Should this committee lack expertise in problems of chemical .
hygiene, additional assistance may be requested as needed from the CHO's of other teams or
any other professional in TVA with suitable knowledge.
4.9  The CHC shall include the criteria of this Plan in its routine inspections.
4.10  The CHC shall review activities involving hazardous chemicals in category C (see
below). The results of these reviews shall be documented in writing. In these reviews, the
CHC shall give particular attention to the following:

Establishment of designated areas for use.

Use of containment devices such as fume hoods or glove boxes.

Procedures for safe removal of contaminated waste.

Decontamination procedures.

5.0  Chemical Inventory

5.1 A current, complete chemical inventory shall be maintained for the Center.




5.2 For the purposes of this Plan, chemicals in the laboratory are classified into three
categories:

A. Materials with low toxicity. Materials with physical hazards commonly
encountered in laboratory work. Those chemicals for which no protective equipment other than
the routinely used gloves, safety glasses, and lab coats are required. This category may contain
dilute solutions of chemicals in category B below.

B. Moderately-toxic materials, highly toxic materials, or materials with
- substantial physical hazard associated with their use. Those chemicals which must be used in a
laboratory-type hood or with additional protective clothing such as aprons, goggles, face
shields. blast shields, or special gloves.

C. Those chemicals which are described in 29CFR 1910.1450 as "select
carcinogens,” reproductive toxins, or substances which have a high degree of acute toxicity.
(See 29CFR 1910.1200 Appendix A.)

6.0  Employee Protection/Standard Operating Procedures

6.1  Suitable engineering controls shall be provided to ensure employee protection.

6.2  The rules and requirements of the "Manual of Safe Work Practices”, October 1990,
Resource Development, Tennessee Valley Authority, shall be the standard operating procedures
for safe work activities in work areas falling under the scope of this Plan.

6.3  Employee Exposure

6.3.1 For laboratory uses of OSHA regulated substances, employees shall not be exposed to
levels exceeding those specified in 29CFR part 1910, subpart Z or other levels adopted by TVA
(see the definition of action level).

6.3.2 If there is a reason to believe that exposure levels for any substance for which a standard
requires monitoring routinely exceed OSHA or TVA action levels or TLV's, the CHC shall
request that the exposure be measured.

6.3.3 If the initial monitoring prescribed by the paragraph above discloses employee exposure
over the TVA or OSHA action level or TLV's, TVA shall immediately comply with the
exposure-monitoring provisions of the relevant standard. Monitoring may be terminated in
accordance with the relevant standard. Employees shall be notified in writing of monitoring
results in accordance with 29CFR 1910.1450.

6.4 A Laboratory Emergency Plan is provided in Appendix I. It shall be used unless
superseded by a more specific set of guidelines for any team.

6.5  Each team shall develop a written Waste Management Plan for hazardous substances.




6.6  Additional Requirements

6.6.1 Chemicals in category B which produce fumes, vapors, or dust shall be used in a
laboratory-type hood.

6.6.2 Those chemicals in category B which require the use of other appropriate protective
equipment such as aprons, goggles, face shields, blast shields, or special gloves shall be used
with the appropriate protective equipment.

6.6.3 Chemicals in category C shall not be used unless a review is performed and written
approval of the use is made by the CHC. Use of these chemicals shall not be made unless
appropriate control measures are in place and functioning to prevent employee exposure.

6.6.4 Chemicals in category C shall be required to be used in designated areas by the CHC
where appropriate.

7.0 Laboratory-type Hoods

7.1  Laboratory-type hoods shall not be used unless they are functioning properly.

7.2 Laboratory-type hoods shall be inspected and tested annually by an industrial hygienist
to ensure compliance with all appropriate federal guidelines. The results of this test and the

guidelines to which the inspection was made shall be documented.

7.3 Quarterly, hoods should be checked qualitatively for flow. This check need only be
performed in the three quarters in which the annual test was not performed. This test shall be
documented on the exterior surface of the hood.

7.4  Employees shall check laboratory-type hoods to ensure they are operating before using
them.

8.0 Information and Training

8.1  Prior to assignment to a work area where hazardous chemicals are present or prior to
assignments involving new exposure situations, employees shall be provided information
apprising them of the hazards of chemicals present in the work area.
8.2  Employees shall be informed of

The contents of 29CFR 1910.1450 and its appendices

The location and availability of this Plan

The permissible exposure limits for OSHA-regulated substances



Recommended exposure limits for other hazardous chemicals for which there is
no applicable OSHA standard (see TVA OHS Standard 014)

Signs and symptoms associated with exposures to hazardous chemicals used in
the laboratory

The location and availability of known reference material on the hazards. safe
handling, storage, and disposal of hazardous chemicals found in the laboratory - this includes
but is not limited to Material Safety Data Sheets (MSDS) and a bookshelf in the Muscle Shoals
Technical Library containing commonly-cited references.

8.3 Employees shall receive a copy of 29CFR 1910.1450 and its appendices.
8.4  Employee training shall include:

Methods and observations that may be used to detect the presence or release of a
hazardous chemical such as visual appearance and odor.

The physical hazards of chemicals in the work area.
The health hazards of chemicals in the work area.

Measures which shall be taken to protect employees from these hazards such as
appropriate work practices, emergency procedures, and protective equipment.

Applicable details of this Plan.

8.5  Training shall be documented. This documentation shall include attendance rosters,
detailed outlines of training material, and results of any tests.

9.0  Medical Consultation and Examination

9.1 Whenever an employee develops signs or symptoms associated with a hazardous
chemical to which the employee may have been exposed in the laboratory, the employee shall
be provided an opportunity to receive an appropriate medical examination.

9.2 Where exposure monitoring reveals an exposure level routinely above the action level
(or PEL) for an OSHA regulated substance for which there are exposure monitoring and
medical surveillance requirements, medical surveillance shall be established for the affected
employee as prescribed by the particular standard.

9.3 Whenever an event takes place in the work area such as a spill, leak, explosion, or other
occurrence resulting in the likelihood of a hazardous exposure, the affected employee shall be




provided an opportunity for a medical consultation for the purpose of determining the need for
a medical examination. '

9.4  All medical examinations and consultations shall be performed by or under the direct
supervision of a licensed physician and shall be provided without cost to the employee without
loss of pay and at a reasonable time and place.

9.5  TVA shall provide the following information to the physician:

The identity of the hazardous chemicals to which the employee may have been
exposed.

A description of the conditions under which the exposure occurred including
quantitative exposure data, if available.

‘ A description of the signs and symptoms of exposure that the employee is
experiencing.

9.6  For examinations or consultations required under the scope of 29CFR 1910.1450, the
Tennessee Valley Authority shall be provided a written opinion from the examining physician
which shall include recommendations for further medical follow-up, the results of the medical
examination and any associated tests, any medical condition which may be revealed in the
course of the examination which may place the employee at increased risk as a result of
exposure to a hazardous chemical in the workplace, and a statement that the employee has been
informed by the physician of the results of the consultation or medical examination and any
medical condition that may require further examination or treatment. The written opinion shall
not reveal specific findings of diagnoses unrelated to occupational exposure.

10.0  Recordkeeping

10.1  Records of training, inspections, reviews, revisions to the Plan, and decisions of the
CHC shall be kept for three years from the date the document was produced unless other
recordkeeping requirements mandate a longer retention period.

102 Records of any measurements taken to monitor employee exposure and any medical
consultations and examinations including tests or written opinions shall be kept for the duration
of employment plus thirty years.

11.0  Annual Review

11.1  Annually, the various chemical hygiene officers shall meet to review the this Plan for
effectiveness and update it as necessary. ‘




APPENDIX I
Laboratory Emergency Plan

12.0  This appendix provides guidance for emergencies in laboratories. This section is not
exhaustive and is not intended to cover every possibility, but rather is intended to give
guidelines for the more commonly encountered emergency situations.

12.1  This appendix does not supersede any emergency procedures, rules, regulations, or
administrative decisions promuigated by any other group within the Tennessee Valley
Authority.

122 In various types of emergency, the building emergency team coordinator (see
attachment 2), Public Safety (8911), Medical, or the supervisor may need to be contacted. In
any emergency, do not hesitate to call on any of these for assistance. Do not be concerned
about correct protocol, rather obtain as much help as needed. Err on the side of getting too
much help rather than too little.

12.3  Evaluation and Evacuation

Any emergency situation such as a small spill, small fire, runaway reaction, personal
injury, loss of power, loss of cooling water, or any other unforeseen circumstance shall be
immediately evaluated by the persons present. If it cannot be handled without the chance of
personal injury, evacuate and notify the building emergency team coordinator, Public Safety,
and the supervisor of the work area. If there is potential for the emergency situation to
endanger others, notify them and clear the work area.

If the situation is urgent, call loudly for help.
12.3.1 Personal Injury
12.3.1.1 Chemicals in the Eye

If chemicals get in the eye, go to the nearest eye wash station and flush the eyes with
water, holding them open. Call loudly for help. While this is being done, someone else should
contact Medical or Public Safety for further instructions. Continue flushing for at least 10
minutes or until instructed otherwise.

12.3.1.2 Chemical Contact with Skin

If only small areas are involved such as the hands or forearms, wash with plenty of
soap and water.




If chemicals are splashed on the body or clothing, flood the areas immediately with
plenty of water. Use the nearest safety shower. Remove any clothing or shoes soaked with

chemicals.

Water-reactive chemicals, of course, should not be flushed with water. Guidelines for
handling such a situation should alread; be established. When in doubt, contact the supervisor
or other knowledgeable person for instructions.

After washing, inspect the body, clothing, shoes, and jewelry immediately for lingering
traces of the chemical. Do not replace clothing, shoes, or jewelry until it is certain all traces of
the chemical are removed.

If a hazardous substance is involved, notify the supervisor.

12.3.1.3 Minor Injury

Minor injury may be treated with the first aid kits. Notify the supervisor. The
supervisor shall make an evaluation whether the employee must to go to medical. If there is
any doubt, escort the employee to Medical.
12.3.1.4 Other Injury

Escort the injured employee to Medical and contact the supervisor. A trained person
should apply first aid as necessary before going to Medical. If the employee is unable to walk
or if there is any indication the injury is more than can be handled with minor first aid, contact
both Public Safety and Medical for further instructions.

12.3.1.5 Imminent Danger

Any person injured and unconscious shall not be moved by untrained personnel unless
there is imminent danger of death.

12.3.2 Fire
12.3.2.1 Small Fires

Small fires may be handled by smotnering them or using a fire extinguisher. Do not use
water on flammable liquids. Contact the supervisor immediately as well as Public Safety.

12.3.2.2 Other Fires
Evacuate and call Public Safety. Pull the nearest fire alarm lever.

12.3.3 Spills




Contain the spill by using a spill kit corresponding to the material. Follow the
directions on the spill kit. Notify the supervisor.

If the spill is too large to be contained by the spill kit or if toxic fumes are present.

evacuate the work area. Notify the building emergency team coordinator. Notify people in
adjoining work areas. Notify the supervisor.

12.3.4 Other

Other situations such as power failures or loss of cooling water shall be handled as well
as possible by those involved. Adhere to the following guidelines.

12.3.4.1 When in doubt, evacuate. Notify the building emergency team coordinator as
well as others in adjoining work areas.

12.3.4.2 Place a higher value on human life and safety than on equipment or buildings.
Take no risks which might endanger any person to save a piece of equipment or a building.

12.3.4.3 Notify the responsible supervisor and Public Safety.




ATTACHMENT 1

Chemical Hygiene Officers

Land and Water Sciences - Sheryl Cannon
Atmospheric Sciences - Liz Bailey
Biotechnology - Robert Johnson
Biotechnology - Tim Holt

Analytical Laboratory - Bill Rogers

(3078)
(3645)
(2654)
(2044)
(3774)




ATTACHMENT 2

Building Emergency Team Coordinators

Environmental Research Center - Paul Enlow . (3770)
Chemical Engineering Building - Steve Diamond (3386)
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dloyers have empioyees exposed to the inj.
“ial employer’s chemicals?

Is the written program made available to
emplgyees and their designated representa-
tive;

program adequately addresses the
m| communicating information to em-
o)l n your workplace. and provides an-
swers to the basic questions outlined above
it 1will be found to be in compliance with t,he'
Tule.

5. Checklist for Compliance

The fo}lowing checklist will help to ensure
you are in compliance with the rule:
Jbtained a copy of the rule.

Read and understood the requirements,

Assigned responsibility for tasks.
Prepared an inventory of chemicals.
Znsured containers are labeled. —_—
Obtained MSDS for each chemical.
Prepared written program.
Made MSDSs available to workers.
Conducted training of workers, -
Zstablished procedures to maintain current
program. ___
Zstablished procedures to evaluate effective-
ness.

6. Further Assistance

If you have a question regarding compli-
ance with the HCS, you should contact your
-ocal OSHA Area Office for assistance. In ad-
lition, each OSHA Regional Office has a Hag-
ard Communication Coordinator who can an-
swer your questions. Free consultation serv-
-ces are also available to assist employers,
ind information regarding these services can
Je obtained through the Area and Regional
>fices as well,

"I‘he lephone number for the OSHA office
;1o you should be listed in your local
-el directory. If you are not able to
3D s information. you may contact

JSHA's Office of Information and Consumer
.afgairs at (202) 219-8151 for further assistance
-0 identifying the appropriate contacts.

59 FR 6170, Feb. 9, 1994, as amended at 59 FR
-7479, Apr. 13, 1994; 59 FR 65948, Dec. 22, 1994)

:1910.1201 Retention of DOT mark-
ings, placards and labels.

(a) Any employer who receives a
rackage of hazardous material which is
‘equired to be marked. labeled or plac-
:rded in accordance with the U. S. De-
sartment of Transportation’s Hazard-
»us Materials Regulations (49 CFR
Parts 171 through 180) shall retain
:hose markings, labels and placards on
‘he package until the packaging is suf-
iciently cleaned of residue and purged

...
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of vapors to remove any potential haz-
ards.

(b) Any employer who receives a
freight container. rail {reight car.
motor venicle. or transport vehicle
that is required to be marked or plac-
arded in accordance with the Hazard-
ous Materiais Regulations shall retain
those markings and piacards on the
freight container, rail <freight car.
motor vehicle or transport vehicle
until the hazardous materials which re-
quire the marking or placarding are
sufficiently removed to prevent any po-
tential hazards.

(¢) Markings, placards and labels
shall be maintained in a manner that
ensures that they are readily visible.

(d) For non-bulk packages which will
not be reshipped. the provisions of this
section are met if a label or other ac-
ceptable marking is affixed in accord-
ance with the Hazard Communication
Standard (29 CFR 1910.1200).

(e) For the purposes of this section.
the term ‘‘hazardous material’” and
any other terms not defined in this sec-
tion have the same definition as in the
Hazardous Materials Regulations (49
CFR Parts 171 through 180).

{59 FR 36700, July 19, 1984]

$1910.1450 Occuﬁational exposure to
hazardous chemicals in labora-
tories.

(a) Scope .and application. (1) This sec-
tion shall apply to all employers en-
gaged in the laboratory use of hazard-
ous chemicals as defined below.

(2) Where this section applies, it shall
supersede, for laboratories. the require-
ments of all other OSHA heaith stand-
ards in 29 CFR part 1910, subpart Z, ex-
cept as follows:

(i) For any OSHA health standard,
only the requirement to limit em-
ployee exposure to the specific permis-
sible exposure limit shall apply for lab-
oratories, unless that particular stand-
ard states otherwise or unless the con-
ditions of paragraph (a)2)(iii) of this
section apply.

(ii) Prohibition of eye and skin con-
tact where specified by any OSHA
health standard shall be observed.

(iii) Where the action level (or in the

- absence of an action level, the permis-

sible exposure limit) is routinely ex-
ceeded for an OSHA regulated sub-

§1910.1450

stance with exposure monitoring and
medical surveillance requirements,
paragraphs (d) and (g)(1)(ii) of this sec-
tion shall apply.

{3) This section shall not apply to:

(i) Uses of hazardous chemicals which
do not meet the definition of labora-
cory use. and in such cases. the em-
nioyer shall comply with the relevant
standard in 29 CFR part 1910, subpart Z.
even if such use occurs in a iaboratvory.

(ii) Laboratory uses of hazardous
chemicals which provide no potential
for employee exposure. Examples of
such conditions might include:

(A) Procedures using chemically-im-
pregnated test media such as Dip-and-
Read tests where a reagent strip is
dipped into the specimen to be tested
and the results are interpreted by com-
paring the color reaction to a color
chart supplied by the manufacturer of
the test strip; and

(B) Commercially prepared kits such
as those used in performing pregnancy
tests in which all of the reagents need-
ed to conduct the test are contained in
the kit.

(b) Definitions—

Action level means a concentration
designated in 29 CFR part 1910 for a
specific substance, calculated as an
eight (8)-hour time-weighted average,
which initiates certain required activi-
ties such as exposure monitoring and
medical surveillance.

Assistant Secretary means the Assist-
ant Secretary of Labor for Occupa-
tional Safety and Health, U.S. Depart-
ment of Labor, or designee.

Carcinogen (see select carcinogen).

Chemical Hygiene Officer means an
employee who is designated by the em-
ployer, and who is qualified by training
or experience, to provide technical
guidance in the development and im-
plementation of the provisions of the
Chemical Hygiene Plan. This definition
is not intended to place limitations on
the position description or job classi-
fication that the designated indvidual
shall hold within the employer’s orga-
nizational structure.

Chemical Hygiene Plan means a writ-
ten program developed and imple-
mented by the employer which sets
forth procedures, equipment, personal
protective equipment and work prac-
tices that (i) are capable of protecting
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) A gas that, at ammbienl iLempera~
and pressure, forms a flammable
sure with air at a concentration of
srcent by volume or less: or
7 A Zas that. at ambient tempera-
and pressure. orms a range of
imabie mixtures with air wider
1 12 percent by voiume. regardiess
1e 4 limit. )
i) . flammable means any lig-
aa a .flasnppoint below 100 °F
; *0), 2%cept any rmixture naving
‘ponents with flashpoints or 100 °F
3 *CY or higher. zhe totai of which
<e up Y9 percent or more of the total
1me of the mixuure.
7y Solid. flammable means a solid.
sr than a blasting agent or explo-
s as defined in §1910.109(a), that is
Jle to cause fire through friction.
orption of moisture. spontaneous
micai change, or retained heat from
nufacturing or processing, or which
. pe ignited readily and when ignited
‘ns so vigorously and persistently as
create a serious hazard. A chemical
1l be considered to be a flammable
id if. wnen tested by the method de-
1bed in 16 CFR 1500.44. it igmites and
‘ns with a self-sustained flame at a
e greater than one-tenth of an inch
- second along its major axis.
Jlashpoint means the minimum tem-
-ature at which a iiquid gives off a
sor wn sufficient concentration to ignite
.en tested as follows:
i) Tagliabue Closed Tester (See
nerican National Standard Method of
st for Flash Point by Tag Closed
ster. Z11.24-1979 (ASTM D 56-79))-for
uids with a viscosity of less than 45

v Iniversal Seconds (SUS) at
)° C), that do not contain sus-
na ids and do not have a tend-

cv to form a surface film under test:

ii) Penskv-Martens Closed Tester
se American National Standard
athod of Test for Flash Point by
ansky-Martens Closed Tester. Z11.7-
79 (ASTM D 93-79))-for liquids with a
scosity equal to or greater than 45
35S at 100°F (37.8°C), or that contain
ispended solids. or that have a tend-
1cy to form a surface film under test:

'iii) Setaflash Closed Tester (see
merican Nationai Stanaard Method of

- §1910.1450

employees from the health hazards pre-
sented by hazardous chemicals used in
that particular workplace and (i)
meets the requirements of paragraph
‘e) of this section.

Combustible liquid means any liquid
having & flashpoint at or above 100 °F
(37.8 °C), but below 200 °F (93.3 °C), ex-
cept any mixture having components
with flashpoints of 200 °F (93.3 °C), or
higher, the total volume of which make
up 99 percent or more of the total vol-
ume of the mixture.

Compressed gas means:

() A gas or mixture of gases having,
in a container, an absolute pressure ex-
ceeding 40 psi at 70 °F (21.1 °C); or

(ii) A gas or mixture of gases having,
in a container, an absolute pressure ex-
ceeding 104 psi at 130 °F (54.4 °C) regard-
less of the pressure at 70 °F (21.1 °C); or

(iii) A liquid having a vapor pressure
exceeding 40 psi at 100 °F (37.8 °C) as de-
termined by ASTM D-323-72.

Designated area means an area which
may be used for work with ‘select car-
cinogens,” reproductive toxins or sub-
stances which have a high degree of
acute toxicity. A designated area may
be the entire laboratory, an area of a
laboratory or a device such as a labora-
tory hood.

Emergency means any occurrence
such as, but not limited to, equipment
failure, rupture of containers or failure
of control equipment which results in
an uncontrolled release of a hazardous
chemical into the workplace.

Employee means an individual em-
ployed in a laboratory workplace who
may be exposed to hazardous chemicals
in the course of his or her assignments.

Ezxplosive means a chemical that
causes a sudden, almost instantaneous
release of pressure, gas, and heat when
subjected to sudden shock, pressure. or
high temperature.

Flammable means a chemical that
falls into one of the following cat-
egories:

(i) Aerosol, flammable means an aero-
sol that. when tested by the method de-
scribed in 16 CFR 1500.45. yields a flame
protection exceeding 18 inches at full
valve opening, or a flashback (a flame
extending back to the valve) at any de-
gree of valve opening;

(ii) Gas, flammable means:

29 CFR Ch. XVil (7-1-¥> sQmon)

(A) A gas that, at ambient tempera-
ture and pressure, forms a flammable
mixture with air at a concentration of
13 percent by volume or less; or

(B) A gas that, at ambient tempera-
ture and pressure, forms a range of
flammable mixtures with air wider
than 12 percent by volume, regardless
of the lower limit.

(iii) Liquid. flammable means any lig-
uid having a flashpoint below 100 °F
(31.8 °C), except any mixture having
components with flashpoints of 100 °F
(37.8 °C) or higher, the total of which
make up 99 percent or more of the total
volume of the mixture.

(iv) Solid, flammable means a solid,
other than a blasting agent or explo-
sive as defined in §1910.109(a), that is
liable to cause fire through friction,
absorption of moisture, spontaneous
chemical change, or retained heat from
manufacturing or processing, or which
can be ignited readily and when ignited
burns so vigorously and persistently as
to create a serious hazard. A chemical
shall be considered to be a flammable
solid if, when tested by the method de-
scribed in 16 CFR 1500.44, it ignites and
burns with a self-sustained flame at a
rate greater than one-tenth of an inch
per second along its major axis.

Flashpoint means the minimum tem-
perature at which a liquid gives off a
vapor in sufficient concentration to ignite
when tested as follows:

(i) Tagliabue Closed Tester (See
American National Standard Method of
Test for Flash Point by Tag Closed
Tester, Z11.2¢-1979 (ASTM D 56-79))-for
liquids with a viscosity of less than 45
Saybolt Universal Seconds (SUS) at
100°F (37.8°C), that do not contain sus-
pended solids and do not have a tend-
ency to form a surface film under test;
or

(ii) Pensky-Martens Closed Tester
(see American National Standard
Method of Test for Flash Point by
Pensky-Martens Closed Tester, Z11.7-
1979 (ASTM D 93-79))-for liquids with a
viscosity equal to or greater than 45
SUS at 100°F (37.8°C), or that contain
suspended -solids, or that have a tend-
ency to form a surface film under test;
or

(iii) Setaflash Closed Tester (see
American National Standard Method of
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) A gas that, at ambient tempera-
and pressure, forms a flammable
;ure with air at a concentration of

are volume or less; or
) hat, at ambient tempera-
a. essure, forms a range of

imable mixtures with air wider
1 12 percent by volume, regardless
ae lower limit.

i) Liquid, flammable means any lig-
having a flashpoint below 100 °F
; °C), except any mixture having
ponents with flashpoints of 100 °F
. °C) or higher, the total of which
ze up 99 percent or more of the total
:me of the mixture.

v) Solid, flammable means a solid,
ar than a blasting agent or explo-
- as defined in §1910.109(a), that is
le to cause fire through friction,
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= greater than one-tenth of an inch
second along its major axis.
Tashpoint means the minimum tem-
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‘or in sufficient concentration to ignite
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3 (ASTM D 93-79))-for liquids with &
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5 at 100°F (37.8°C), or that contain
:pended solids, or that have a tend-
v to form a surface film under test;

:ii) Setaflash Closed Tester (see

serican National Sta.nda.rd Method of

e oo i s - st
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Test for Flash Point by Setaflash
Closed Tester (ASTM D 3278-78)).

Organic peroxides, which undergo
autoacceierating thermal decomposi-
cion. are excluded from any of the
flasnpoint  determnation methods
specified above.

Hazardous chemical means a caemicai
for which there is statisticaily signifi-
cant evidence based on at least one
study conducted in accordance with es-
tablished scientific principles that
acute or chronic health eifects may
occur in exposed employees. The term
health hazard includes chemicals which
are carcinogens, toxic or highly toxic
agents, reproductive toxins, irritants,
corrosives, sensitizers, hepatotoxins,
nephrotoxins, neurotoxins, agents
which act on the hematopoietic sys-
tems, and agents which damage the
lungs, skin, eyes, or mucous mem-
branes.

Appendices A and B of the Hazard
Communication Standard (29 CFR
1910.1200) provide further guidance in
defining the scope of health hazards
and determining whether or not a
chemical is to be considered hazardous
for purposes of this standard.

Laboratory means a facility where the
“laboratory use of hazardous chemi-
cals” occurs. It is a workplace where
relatively small quantities of hazard-
ous chemicals are used on a non-pro-
duction basis.

Laboratory scale means work with
substances in which the containers
used for reactions, transfers. and other
handling of substances are designed to
be easily and safely manipulated by
one person. ‘‘Laboratory .scale” ex-
cludes those workplaces whose func-
tion is to produce commercial quan-
tities of materials.

Laboratory-type hood means a device
located in a laboratory, enclosure on
five sides with a moveable sash or fixed
partial enclosed on the remaining side:
constructed and maintained to draw
air from the laboratory and to prevent
or minimize the escape of air contami-
nants into the laboratory; and allows
chemical manipulations to be con-
ducted in the enclosure without inser-
tion of any portion of the employee’s
body other than hands and arms.

Walk-in hoods with adjustable sashes
meet the above definition provided

§1910.1450

that the sashes are adjusted during use
so that the airflow and the exhaust of
ajr contaminants are not compromised
and employees do not work inside the
cnclosure during the reiease of air-
corne nazardous chemicals.

Laboratory use of hazardous chemicals
means handling or use of such chemi-
cals in which ail of the following condi-
tions are met:

(i) Chemical manipuiations are car-
ried out on a "‘laboratory scale:”

(ii) Multiple chemical procedures or
chemicals are used;

(iii) The procedures involved are not
part of a production process, nor in any .
way simulate a production process; and

(iv) ‘“‘Protective laboratory practices
and equipment” are available and in
common use to minimize the potential
for employee exposure to hazardous
chemicals.-

Medical consultation means a con-
sultation which takes place between an
employee and a licensed physician for.
the purpose of determining what medi-
cal examinations or procedures, if any,
are appropriate in cases where a sig-
nificant exposure to a hazardous chem-
ical may have taken place.

Organic peroride means an organic
compound that contains the bivalent
—O0-0-structure and which may be
considered to be a structural derivative
of hydrogen peroxide where one or both
of the hydrogen atoms has been re-
placed by an organic radical.

Oridizer means a chemical other than
a blasting agent or explosive as defined
in §1910.109(a), that initiates or pro-
motes combustion in other materials,
thereby causing fire either of itself or
through the release of oxygen or other
gases.

Physical hazard means a chemical for
which there is scientifically valid evi-
dence that it is a combustible liquid, a
compressed gas, explosive, flammable,
an organic peroxide, an oxidizer,

pyrophoric, unstable (reactive) or
water-reactive.
Protective laboratory practices and

equipment means those laboratory pro-
cedures, practices and equipment ac-
cepted by laboratory health and safety
experts as effective, or that the em-
ployer can show to be effective, in
minimizing the potential for employee
exposure to hazardous chemicals.
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Reproductive torins means chemicals
which affect the reproductive capabili-
ties including chromosomal damage
mutations) and effects on Ifetuses
teratogenesis)

Select carcinogen means any sub-
stance which meets one of the iollow-
ing criteria:

{1) It is regulated by OSHA as a car-
cinogen: or

(ii) It is listed under the category,
"Xnown to be carcinogens,” in the An-
nual Report on Carcinogens published
by the National Toxicology Program
{NTP) (latest edition); or

(1ii) It is listed under Group 1 (*‘car-
cinogenic to humans’) by the Inter-
national Agency for Research on Can-
cer Monographs (IARC) (latest edi-
tions); or

(iv) It is listed in either Group 24 or
2B by IARC or under the category,
“‘reasonably anticipated to be carcino-
gens”’ by NTP, and causes statistically
significant tumor incidence in experi-
mental animals in accordance with any
of the following criteria:

(A) After inhalation exposure of 6-7
hours per day, 5 days per week. for a
significant portion of a lifetime to dos-
ages of less than 10 mg/m3;

(B) After repeated skin application of
less than 300 (mg/kg of body weight)
per week; or

(C) After oral dosages of less than 50
mg/kg of body weight per day.

Unstable (reactive) means a chemical
which is the pure state, or as produced
or transported, will vigorously polym-
erize, decompose, condense, or will be-
come self-reactive under conditions of
shocks. pressure or temperature.

Water-reactive means a chemical that
reacts with water to release a gas that
is either flammable or presents a
health hazard.

(c) Permissible exposure limits. For lab-
oratory uses of OSHA regulated sub-
stances, the employer shall assure that
laboratory employees’ exposures to
such substances do not exceed the per-
missible exposure limits specified in 29
CFR part 1910, subpart Z.

(d) Employee exposure determination—
(1) Initial monitoring. The employer
shall measure the employee’s exposure
to any substance regulated by a stand-
ard which requires monitoring if there
is reason to believe that exposure lev-
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els for that substance routinely exceed
the action level (or in the absence of an
action level. the PEL),

(2) Periodic monitoring. If the initia]
monitoring prescribed by paragraph
{d)(1) of this section discloses employee
2Xposure over the action level (or in
che absence of an action level, the
2EL), the employer shall immediately
comply with the exposure monitoring
provisions of the relevant standard.

(3) Termination of monitoring. Mon-
itoring may be terminated in accord-
ance with the relevant standard.

(4) Employee notification of monitoring
results. The employer shall, within 15
working days after the receipt of any
monitoring results, notify the em-
ployee of these results in writing either
individually or by posting results in an
appropriate location that is accessible
to employees.

(e) Chemical hygiene plan—General,
(Appendix A of this section is non-man-
datory but provides guidance to assist
employers in the development of the
Chemical Hygiene Plan.)

(1) Where hazardous chemicals as de-
fined by this standard are used in the
workplace. the employer shall develop
and carry out the provisions of a writ-
ten Chemical Hygiene Plan which is:

(i) Capable of protecting employees
from health hazards associated with
hazardous chemicals in that laboratory
and

(ii) Capable of keeping exposures
below the limits specified in paragraph
(c) of this section.

(2) The Chemical Hygiene Plan shall
be readily available to employees, em-
ployee representatives and, upon re-
quest, to the Assistant Secretary.

(3) The Chemical Hygiene Plan shall
include each of the following elements
and shall indicate specific measures
that the employer will take to ensure
laboratory employee protection: .

(i) Standard operating procedures rei-
evant to safety and health consider-
ations to be followed when laboratory
work involves the use of hazardous
chemicals;

(ii) Criteria that the employer will
use to determine and implement con-
trol measures to reduce employee expo-
sure to hazardous chemicals including
engineering controls, the use of per-
sonal protective equipment and hy-
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giene practices: particular attention
snail be given to the selection of con-
tr0l measures for chemicais that are
ktnown to be extremely hazardous:

.iii) A requirement that fume hoods
and other protective equipment are
functioning properiy and specific meas-
ures that shall be taken to ensure prop-
er and adequate performance of such
equipment: .

(iv) Provisions for employee informa-
tion and training as prescribed in para-
graph () of this section;

(v) The circumstances under which a
particular laboratory operation, proce-
dure or activity shall require prior ap-
proval from the employer or the em-
ployer's designee before implementa-
tion;

(vi) Provisions for medical consulta-
tion and medical examinations in ac-
cordance with paragraph (g) of this sec-
tion;

(vii) Designation of personnel respon-
sible for impiementation of the Chemi-
cal Hygiene Plan including the assign-
ment of a Chemical Hygiene Officer
and, if appropriate, establishment of a
Chemical Hygiene Committee; and

(viii) Provisions for additional em-
ployee protection for work with par-
ticularly hazardous substances. These
include ‘‘select carcinogens,” reproduc-
tive toxins and substances which have
a high degree of acute toxicity. Spe-
cific consideration shall be given to the
following provisions which shall be in-
cluded where appropriate:

(A) Establishment of a designated
area:

(B) Use of containment devices such
as fume hoods or glove boxes;

(C) Procedures for safe removal of
contaminated waste; and

(D) Decontamination procedures.

(4) The employer shall review and
evaluate the effectiveness of the Chem-
ical Hygiene Plan at least annually and
update it as necessary.

(f) Employee information and training.
(1) The employer shall provide employ-
ees with information and training to
ensure that they are apprised of the
hazards of chemicals present in their
work area. :

(2) Such information shall be pro-
vided at the time of an employee’s ini-
tial assignment to a work area where
hazardous chemicals are present and

§1910.1450

prior to assignments involving new ex-
posure situations. The frequency of re-
fresher information and training shall
be determined by the employer.

(3) Information. Employees shall be
informed of:

(i) The contents of this standard and
:zs appendices which shall be made
available to employees:

(ii) The location and availability of
the employer's Chemical Hygiene Plan:

(iii) The permissible exposure limits
for OSHA regulated substances or rec-
ommended exposure limits for other
hazardous chemicals where there is no
applicable OSHA standard:

(iv) Signs and symptoms associated
with exposures to hazardous chemicals
used in the laboratory; and

(v) The location and availability of.
known reference material on the haz-
ards, safe handling, storage and dis-
posal of hazardous chemicals found in
the laboratory including, but not lim-
ited to, Material Safety Data Sheets
received from the chemical supplier.

(4) Training. (1) Employee training
shall include:

(A) Methods and observations that
may be used to detect the presence or
release of a hazardous chemical (such
as monitoring conducted by the em-
ployer, continuous monitoring devices,
visual appearance or odor of hazardous
chemicals when being released, etc.);

(B) The physical and health hazards
of chemicals in the work area; and

(C) The measures employees can take

' to protect themselves from these haz-

ards, including specific procedures the
employer has implemented to protect
employees from exposure to hazardous
chemicals, such as appropriate work
practices, emergency procedures, and
personal protective equipment to be
used.

(ii) The employee shall be trained on
the applicable details of the employer’s
written Chemical Hygiene Plan.

(g) Medical consultation and medical
examinations. (1) The employer shall
provide all employees who work with
hazardous chemicals an opportunity to
receive medical attention, including
any follow-up examinations which the
examining physician determines to be
necessary, under the following cir-
cumstances:
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(1) Whenever an employee develops
signs or symptoms associated with a
nazardous chemical to wnich the em-
oloyee may have been exposed in the
:aboratory, the employee shall be pro-
~ided an opportunity to receive an ap-
Sropriate medicai examination.

(i) Where exposure monitoring re-
veals an exposure levei routinely above
the action level (or in the absence or an
action level, the PEL) for an OSHA
regulated substance for which there are
exposure monitoring and medical sur-
veillance requirements. medical sur-
veillance shall be established for the
affected employee as prescribed by the
particular standard.

(iii) Whenever an event takes place
in the work area such as a spill, leak,
explosion or other occurrence resulting
in the likelihood of a hazardous expo-
sure, the affected employee shall be
provided an opportunity for a medical
consultation. Such consultation shall
be for the purpose of determining the
need for a medical examination.

(2) All medical examinations and
consultations shall be performed by or
under the direct supervision of a li-
censed physician and shall be provided
without cost to the employee. without
loss of pay and at a reasonable time
and place.

(3) Information provided to the physi-
cian. The employer shall provide the
following information to the physician:

(i) The identity of the hazardous
chemical(s) to which the employee may
have been exposed;

(ii) A description of the conditions
under which the exposure occurred in-
cluding quantitative exposure data. if
available: and

(iii) A description of the signs and
symptoms of exposure that the em-
ployee is experiencing, if any.

(4) Physician’s written opinion. (i) For
examination or consultation required
under this standard, the empioyer shall
obtain a written opinion from the ex-
amining physician which shall include
the following:

(A) Any recommendation for further
medical follow-up;

(B) The results of the medical exam-
ination and any associated tests:

(C) Any medical condition which may

. be revealed in the course of the exam-

ination which may place the employee
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at increased risk as a result of expo-
sure to a hazardous chemical found in
the workplace; and

(D) A statement that the employee
has been informed by the physician of
the results of the consultation or medj-
cal examination and any medical con-
dition that may require further exam-
:nation or treatment.

(i1) The written opinion shall not re.
veal specific findings of diagnoses unre.
lated to occupational exposure.

(h) Hazard identification. (1) With re-
spect to labels and material safety data,
sheets:

(i) Employers shall ensure.that labels
on incoming containers of hazardous
chemicals are not removed or defaced.

(ii) Employers shall maintain any
material safety data sheets that are re-
ceived with incoming shipments of haz-
ardous chemicals, and ensure that they
are readily accessible to laboratory
employees.

(2) The following provisions shall
apply to chemical substances developed
in the laboratory:

(i) If the composition of the chemical
substance which is produced exclu-
sively for the laboratory’s use is
known, the employer shall determine if
it is a hazardous chemical as defined in
paragraph (b) of this section. If the
chemical is determined to be hazard-
ous, the employer shall provide appro-
priate training as required under para-
graph (f) of this section.

(ii) If the chemical produced is a by-
product whose composition is not
known, the employer shall assume that
the substance is hazardous and shall
implement paragraph (e) of this sec-
tion.

(i) If the chemical substance is pro-
duced for another user outside of the
laboratory, the employer shall comply
with the Hazard Communication
Standard (29 CFR 1910.1200) including
the requirements for preparation of
material safety data sheets and label-
ing.

(i) Use of respirators. Where the use of
respirators is necessary to maintain
exposure below permissible exposure
limits, the employer shall provide, at
no cost to the employee, the proper

respiratory equipment. Respirators
shall be selected and used in accord-
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ance with the requirements of 29 CFR
1010.134. '

.j) Recordkeeping. (1) The employer
snall establish and maintain for each
sampioyee an accurate record of any
measurements taken to monitor em-
pioyee exposures and any medicai con-
sultation and examinations inciuding
tests or written opinions required by
this standard.

{2) The employer shall assure that
such records are kept, transferred, and
made available in accordance with 29
CFR 1910.20.

(k) Dates—(1) Effective date. This sec-
tion shall become effective May 1, 1990.

(2) Start-up dates. (i) Employers shall
have developed and implemented a
written Chemical Hygiene Plan no
later than January 31, 1991.

(ii) Paragraph (a)2) of this section
shall not take effect until the employer
has developed and implemented a writ-
ten Chemical Hygiene Plan.

(1) Appendices. The information con-
tained in the appendices is not in-
tended, by itseif, to create any addi-
tional obligations not otherwise im-
posed or to detract from any existing
obligation.

{55 FR 3327, Jan. 31, 1990, 55 FR 7967. Mar. 6,
1990, 65 FR 12111, Mar. 30, 1990)

APPENDIX A TO §1910.1450—NATIONAL RE-
SEARCH COUNCIL RECOMMENDATIONS CON-
CERNING CHEMICAL HYGIENE IN LABORA-
TORIES (NON-MANDATORY)

TABLE OF CONTENTS
Foreword

Corresponding Sections of the Standard and
This Appendix

A. General Principles

. Minimize all Chemnical Exposures
Avoid Underestimation of Risk
Provide Adequate Ventilation
Institute a Chemical Hygiene Program
. Observe the PELs and TLVs

B. Responsibilities
Chief Execuvive Officer
Supervisor of Administrative Unit
. Chemical Hygiene Officer
Laboratory Supervisor

. Project Director
. Laboratory Worker

C. The Laboratory Faci}ity .

1. Design
2. Maintenance

o 0o 02 1

o’ao-::-w!or-

3. Usage
4. Ventilation

D. Components of the Chemical Hygiene Plan

1. Basic Rules and Procedures

2. Chemical Procurement, Distribution.
and Storage

3. Environmental Monitoring

4. Housekeeping, Maintenance and Inspec-
sions

3. Medical Program

§. Personal Protective Apparei anda Equip-
ment

7. Records

8. Signs and Labels

9. Spills and Accidents

10. Training and Information

11. Waste Disposal

E. General Procedures for Working With
Chemicals

1. General Rules for all Laboratory Work
with Chemicals :

2. Allergens and Embryotoxins

3. Chemicals of Moderate Chronic or High
Acute Toxicity

4. Chemicals of High Chronic Toxicity

5. Animal Work with Chemicals of High
Chronic Toxicity ’

F. Safety Recommendations
G. Material Safety Data Sheets

Foreword

As guidance for each employer’s develop-
ment of an appropriate laboratory Chemical
Hygiene Plan, the following non-mandatory
recommendations are provided. They were
extracted from *'Prudent Practices for Han-
dling Hazardous Chemicals in Laboratories’
(referred to below as ‘‘Prudent Practices’),
which was published in 1981 by the National
Research Council and is available from the
National Academy Press, 2101 Constitution
Ave., NW., Washington DC 20418.

«Pppudent Practices” is cited because of its
wide distribution and acceptance and be-
cause of its preparation by members of the
laboratory community through the sponsor-
ship of the National Research Council. How-
ever. none of the recommendations given
here will modify any requirements of the
laboratory standard. This Appendix merely
presents pertinent recommendations from
~Prudent Practices’’, organized into a form
convenient for quick reference during orar-
ation of a laboratory facility and during de-
velopment and application of a Chemical Hy-
giene Plan. Users of this appendix should
consult “Prudent Practices’’ for a more ex-
tended presentation and justification for
each recommendation. .

«Prudent Practices” deals with both safety
and chemical hazards while the laboratory
standard is concerned primarily with chemi-
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cai =zazards. Therefore., only those rec-
smmenaations directed vrimarily toward
~ontroi of toxic exposures are cited in this
appendix. with the term ‘‘chemical hygiene'
celng substituved for the word ‘‘safety’.
However. since conditions proaucing or
threatening physical injury often pose toxic
risks as weil. page references concerning
major categories of safety hazards in the lab-
oratory are given in section F.

The recommendations from ‘“Prudent
Practices’’ have been paraphrased, combined,
or otherwise reorganized, and headings have
been added. However, their sense has not
been changed.

Corresponding Sections of the Standard and this
Appendiz

The following table is given for the conven-
ience of those who are developing a Chemical
Hygiene Plan which will satisfy the require-
ments of paragraph (e) of the standard. It in-
dicates those sections of this appendix which
are most pertinent to each of the sections of
paragraph (e) and related paragraphs.

Paragraph and topic in laboratory standard appendix

(e)(3)() Standard operatng procedures for | C, D, E
handiing toxic chemicais.

(e)(3)(i) Criteria to be used for impliementa- | D
tion of measures 10 reduce exposures.

(e)(3)(iii} Fume hood performance .....

(8)(3)v) Employee in ion and ing { D10, D9

(e)3)(v) Requirements for prior epproval of | E2b. Edb

laboratory
(e)(3){vi} Medical consuftation and medical | D5, E4f

examinatons.
(@){3)(vi) Chemical hygiene responsibilities ... | B
(e)(3)(viii) Special precautions for work with | E2, E3, E4

particularly hazardous substances.

In this appendix, those recommendations
directed primarily at administrators and su-
pervisors are given in sections A-D. Those
recommendations of primary concern to em-
ployees who are actually handiing labora-
tory chemicals are given in section E. (Ref-
erence to page numbers in “Prudent Prac-
tices’ are given in parentheses.)

A. General Principles for Work with Laboratory
Chemicals

In addition to the more detailed rec-
ymmendations listed below in sections B-E,
‘Prudent Practices’’ expresses certain gen-
:ral principles, including the following:

1. It is prudent to minimize all chemical expo-
iures. Because few laboratory chemicals are
vithout hazards, general precautions for
1andling all laboratory chemicals should be
idopted, rather than specific guidelines for
articular chemicals (2, 10). Skin contact
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with chemicals should be avoided as a car-
dinal rule (198).

2. Avoid underestimation of risk. Even for
substances of no known significant hazard,
exposure should be minimized:; for work with
substances which present special hazards,
special precautions should be taken (10, 37,
23). One should assume that any mixture will
e more toxic than its most toxic compeaent
.30. 103) ana that all substances of unknown
toxicity are toxic (3, 34).

3. Provide adequate ventilation. The best
way to prevent exposure to airborne sub-
stances is to prevent their escape into the
working atmosphere by use of hoods and
other ventilation devices (32, 198).

4. Institute a chemical hygiene program. A
mandatory chemical hygiene program de-
signed to minimize exposures is needed; it
should be a regular. continuing effort, not
merely a standby or short-term activity (6,
11). 1ts recommendations should be followed
in academic teaching laboratories as well as
by full-time laboratory workers (13).

5. Observe the PELs, TLVs. The Permissible
Exposure Limits of OSHA and the Threshold
Limit Values of the American Conference of
Governmental Industrial Hygienists should
not be exceeded (13).

B. Chemical Hygiene Responsibilities

Responsibility for chemical hygiene rests
at all levels (6, 11, 21) including the:

1. Chief erecutive officer, who has ultimate
responsibility for chemical hygiene within
the institution and must, with other admin-
istrators, provide continuing support for in-
stitutional chemical hygiene (7, 11).

2. Supervisor of the department or other ad-
ministrative unit, who is responsible for chem-
ical hygiene in that unit (7).

3. Chemical hygiene officer(s), whose ap-
pointment is essential (7) and who must:

(a) Work with administrators and other
employees to develop and implement appro-
priate chemical hygiene policies and prac-
tices (7);

(b) Monitor procurement, use, and disposal
of chemicals used in the lab (8);

(c) See that appropriate audits are main-
tained (8);

(d) Help project directors develop pre-
cautions and adequate facilities (10);

(e) Know the current legal requirements
concerning regulated substances (50); and

(f) Seek ways to improve the chemical hy-
giene program (8, 11).

4. Laboratory supervisor, who has overall re-
sponsibility for chemical hygiene in the lab-
oratory (21) including responsibility to:

(a) Ensure that workers know and follow
the chemical hygiene rules, that protective
equipment is available and in working order,
and that appropriate training has been pro-
vided (21, 22);

(b) Provide regular, formal chemical hy-
giene and housekeeping inspections includ-
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'#1th chemicals should be avoided as a car-
Zinal rule (198).

2. Avoid underestimation of risk. Even for
substances of no known significant nazarg,
exposure should be minimized; for work with
substances which present special hazards,
precautions should be taken (10, 37,
should assume that any mixture wil}
toxic than its most toxic compenent
30 ) and that all substances of unknown
toxicity are toxic (3, 34).

3. Provide adequate ventilation. The best
way to prevent exposure to airborne sub-
stances is to prevent their escape into the
working atmosphere by use of hoods and
other ventilation devices (32, 198).

4. Institute a chemical hygiene program. A
mandatory chemical hygiene program de-
signed to minimize exposures is needed; it
should be a regular, continuing effort, not
merely a standby or short-term activity (s,
11). Its recommendations should be followed
in academic teaching laboratories as well as
by full-time laboratory workers (13).

5. Observe the PELs, TLVs. The Permissible
Exposure Limits of OSHA and the Threshold
Limit Values of the American Conference of
Governmental Industrial Hygienists should
not be exceeded (13).

B. Chemical Hygiene Responsibilities

Responsibility for chemical hygiene rests
-at all levels (6, 11, 21) including the:

1. Chief ezecutive officer, who has ultimate
responsibility for chemical hygiene within
the institution and must, with other admin-
istrators, provide continuing support for in-
stitutional chemical hygiene (7, 11).

2. Supervisor of the department or other ad-
ministrative unit, who is responsible for chem-
ical hygiene in that unit (7).

3. Chemical hygiene officer(s), whose ap-
pointment is essential (7) and who must:

(a) Work with administrators and other
e ees to develop and implement appro-

hemical hygiene policies and prac-

onitor procurement, use, and disposal
of chemicals used in the lab (8);

(c) See that appropriate audits are main-
tained (8);

(d) Help project directors develop pre-
cautions and adequate facilities (10);

(e) Know the current legal requirements
concerning regulated substances (50); and

(f) Seek ways to improve the chemical hy-
giene program (8, 11).

4. Laboratory supervisor, who has overall re-
sponsibility for chemical hygiene in the lab-
oratory (21) including responsibility to:

(a) Ensure that workers know and follow
the chemical hygiene rules, that protective
equipment is available and in working order,
and that appropriate training has been pro-
vided (21, 22);

(b) Provide regular, formal chemical hy-
giene and housekeeping inspections includ-
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ing routine inspections of emergency equip-
ment (21, 171);

:2) Know the current iegai requirements
concerning reguiated substances (50, 231);

d) Determine the required leveis of protec-
zive apparel and equipment (156, 160, 162); and

:2) Ensure that facilities and training for
use of any material being ordered are ade-
quate (215).

3. Project director or director of other specific
operation, who has primary responsibility for
chemical hygiene procedures for that oper-
avion (7).

8. Laboratory worker, who is responsible for:

(a) Planning and conducting eaci oper-
ation in accordance with the institutional
chemical hygiene procedures (7, 21, 22, 230);
and

(b) Developing good personal chemical hy-
giene habits (22).

C. The Laboratory Facility

1. Design. The laboravory facility should
have:

(a) An appropriate general ventilation sys-
tem (see C4 below) with air intakes and ex-
hausts located so as to avoid intake of con-
taminated air (194);

(b) Adequate, well-ventilated stockrooms/
storerooms (218, 219);

(c) Laboratory hoods and sinks (12, 162);

(d) Other safety equipment including eye-
wash fountains and drench showers (162. 169);
and :

(e) Arrangements for waste disposal (12,
240).

2. Maintenance. Chemical-hygiene-related
equipment (hoods, incinerator, etc.) should
undergo continuing appraisal and be modi-
fied if inadequate (11, 12).

3. Usage. The work conducted (10) and its
scale (12) must be appropriate to the
physicial facilities available and. especially,
to the quality of ventilation (13).

4. Ventilation—(a) General laboratory ventila-
tion. This system should: Provide a source of
air for breathing and for input to local ven-
tilation devices (199); it should not be relied
on for protection from toxic substances re-
leased into the laboratory (198); ensure that
laboratory air is continually replaced. pre-
venting increase of air concentrations of
toxic substances during the working day
(194); direct air flow into the laboratory from
non-laboratory areas and out to the exterior
of the building (194).

(b) Hoods. A laboratory hood with 2.5 linear
feet of hood space per person shouid be pro-
vided for every 2 workers if they spend most
of their time working with chemicals (199);
each hood should have a continuous monitor-
ing device to allow convenient confirmation
of adequate hood performance before use
(200, 209). If this is not possible, work with
substances of unknown toxicity should be
avoided (13) or other types of local ventila-
tion devices should be provided (199). See pp.
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201-206 for a discussion of hood design, con-
struction, and evaluation.

(¢c) Other local ventilation devices. Ventilated
storage cabinets, canopy hoods, snorkels,
etc. should be provided as needed (199). Each
canopy hood and snorkel should have a sepa-
rate exhaust duct (207).

(d) Special ventilation areas. Exhaust air
from glove boxes and isolation rooms should
be passed through scrubbers or other treat-
ment before release 1nto the regular exhaust
system (208). Cold rooms and warm rooms
shouid have provisions ror rapid escape and
for escape in the event of eiectrical failure
{209). :

(e) Modifications. Any alteration of the ven-
tilation system should be made only if thor-
ough testing indicates that worker protec-
tion from airborne toxic substances will con-
tinue to be adequate (12, 193, 204).

(f) Performance. Rate: 4-12 room air
changesshour is normally adequate general
ventilation if local exhaust systems such as
hoods are used as the primary method of
control (194).

(g) Quality. General air flow should not be
turbulent and should be relatively uniform
throughout the laboratory, with no high ve-
locity or static areas (194, 195); airflow into
and within the hood should not be exces-
sively turbulent (200); hood face velocity
should be adequate (typically 60-100 1fm) (200,
204).

(h) Ewvaluation. Quality and quantity of
ventilation should be evaluated on installa-
tion (202), regularly monitored (at least
every 3 months) (6, 12, 14, 195), and reevalu-
ated whenever a change in local ventilation
devices is made (12, 195, 207). See pp. 195-198
for methods of evaluation and for calculation
of estimated airborne contaminant con-
centrations.

D. Components of the Chemical Hygiene Plan

1. Basic Rules and Procedures (Recommenda-
tions for these are given in section E,
below)

2. Chemical Procurement, Distribution, and
Storage

(a) Procurement. Before a substance is re-
ceived, information on proper handling, stor-
age, and disposal should be known to those
who will be involved (215, 216). No container
shouild be accepted without an adequate
identifying label (216). Preferably, all sub-
stances should be received in a central loca-
tion (216).

(b) Stockrooms/storerooms. Toxic substances
should be segregated in a well-identified area
with local exhaust ventilation (221). Chemi-
cals which are highly toxic (227) or other
chemicals whose containers have been
opened should be in unbreakable secondary
containers (219). Stored chemicals should be
examined periodically (at least annually) for
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repiacement. deterioration, and container
:ategrity (218-19). :

Zrtocgroomsstorerooms siould not be used
is preparation or revackaging areas. should
-2 open auring normai working nours. and
spouid be controlled by one person (219).

.c) Distribution. When chemicals are hana
carried. the container should be placed in an
outside container or bucket. Freight-only
eievators should be used if possible (223).

:d) Laboratory storage. Amounts permitted
should be as small as practical. Storage on
bench tops and in hoods is inadvisable. Expo-
sure to heat or direct sunlight should be
2voided. Periodic inventories should be con-
ducted, with unneeded items being discarded
or returned to the storeroonvstockroom (225~
6. 229).

3. Environmental Monitoring

Regular instrumental monitoring of air-
borne concentrations is not usually justified
or practical in laboratories but may be ap-
propriate when testing or redesigning hoods
or other ventilation devices (12) or when a
highly toxic substance is stored or used regu-
larly (e.g., 3 times/week) (13).

4. Housekeeping, Maintenance, and
Inspections

(a) Cleaning. Floors should be cleaned reg-
ularly (24).

{0) Inspections. Formal housekeeping and
chemica) hygiene inspections should be held
at least quarterly (6, 21) for units which have
frequent pesonnel changes and semiannually
for others; informal inspections should be
continual (21).

(c) Maintenance. Eye wash fountains should
be inspected at intervals of not less than 3
months (6). Respirators for routine use
should be inspected periodically by the lab-
oratory supervisor (169). Safety showers
should be tested routinely (169). Other safety
equipment should be inspected regularly.
{e.g., every 3-6 months) (6, 24, 171). Proce-
dures to prevent restarting of out-of-service
equipment should be established (25).

(d) Passageways. Stairways and hallways
should not be used as storage areas (24). Ac-
cess to exits, emergency equipment, and util-
ity controls should never be blocked (24).

5. Medical Program

(a) Compliance with regulations. Regular
medical surveillance should be established to
the extent required by regulations (12).

(b) Routine surveillance. Anyone whose
work involves regular and frequent handling
of toxicologically significant quantities of a
chemical should consult a qualified physi-
cian to determine on an individual basis
whether a regular schedule of medical sur-
veillance is desirable (11, 50).

(¢) First aid. Personnel trained in first aid
should be available during working hours
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and an emergency room with medica)

nel should be nearoy (173). See pp, 1-,3_"",,"'0!-
description of some emergency first aiq for
cedures. Pro.

6. Protective Apparel and Equipmepy

These should inciude for each laborg

21 Protective apparei compatible wigh s
requirea degree of protection for S“b“lnmu
being handled (158-161);

ib) An easily accessible drench-t;
shower (162, 169); VDo satety

tc) An eyewash fountain (162);

(d) A fire extinguisher (162-164);

ie) Respiratory protection (164-9), fire
alarm and telephone for emergency use 162)
should be available nearby; and

(f) Other items designated by the 19,50,._
tory supervisor (156, 160).

7. Records

(a) Accident records should be written anq
retained (174).

(b) Chemical Hygiene Plan records should
document that the facilities and precautions
were compatible with current knowiedge and
regulations (7).

{c) Inventory and usage records for high.
risk substances should be kept as specified in
sections E3e below.

(d) Medical records should be retained by
the institution in accordance with the re-
quirements of state and federal regulations
(12).

8. Signs and Labels

Prominent signs and labels of the following
types should be posted:

{a) Emergency telephone numbers of emer-
gency personnelfacilities, supervisors, and
laboratory workers (28);

(b) Identity labels, showing contents of
containers (including waste receptacles) and
associated hazards (27, 48);

(c) Location signs for safety showers, eye-
wash stations, other safety and first ald
equipment, exits (27) and areas where food
and beverage consumption and storage are
permitted (24); and

(d) Warnings at areas or equipment where
special or unusual hazards exist (27).

9. Spills and Accidents

(a) A written emergency plan should be es-
tablished and communicated to all person-
nel: it should include procedures for ventila-
tion failure (200). evacuation, medical care,
reporting, and drills (172).

(b) There should be an alarm system to
alert people in all parts of the facility ib-
cluding isolation areas such as cold rooms
(172).

(¢) A spill control policy should be devel-
oped and should include consideration of pre-
vention, containment, cleanup, and report-
ing (175).
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1nfl an emergency room with medical person-
zel sl}ould be nearoy (173). See pp. 176-178 for
Jescription of some emergency rirst aid pro-
cedures.

otective Apparei and Equipment

shou@d include for each laboratory:
otective apparel compatible with the
_:'eguired degree of protection for substances

being handled (158-161);

‘(b) An easily accessible drench-type safety
snower (162, 169);

(c) An eyewash fountain (162);
(d) A fire extinguisher (162-164);

(e) Respiratory protection (164-9), fire
alarm and telephone for emergency use (162)
should be available nearby; and

(f) Other items designated by the labora-
LOry supervisor (156, 160).

7. Records

(a) Accident records should be written and

retained (174).

_(b) Chemical Hygiene Plan records should
document that the facilities and precautions
were compatible with current knowledge and
regulations (7).

) ;;) Ix;vz:tory ai!nd usage records for high-
~isk substances should be kept as
sections E3e below. P specified in
i (d). Medical records should be retained by
he institution in accordance with the re-

;;l'.xzi)rements of state and federal regulations

8. Signs and Labels

Prominent signs and labels of the following
types should be posted:

(a) Emergency telephone numbers of emer-
sency personnel/facilities, supervisors, and
‘aboratory workers (28);

b) Identity labels, showing contents of

2o ers (including waste receptacles) and
a d hazards (27, 48);

at_ion signs for safety showers, eye-
4 tions, other safety and first aid

*quipment, exits (27) and areas where food
and beverage consumption and storage are
rermitted (24); and

(d). Warnings at areas or equipment where
special or unusual hazards exist (27).

9. Spills and Accidents

ia) A written emergency plan should be es-
tablished and communicated to all person-
2el; it should include procedures for ventila-
tion failure (200), evacuation, medical care,
~eporting, and drills (172).

(b) There should be an alarm system to
ilert people in all parts of the facility in-
:11}'12d)mg isolation areas such as cold rooms

i¢) A spill control policy should be devel-
3ped_and should include consideration of pre-
"ent(;igxs'x), containment, cleanup, and report-
2g .
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td) All accidents or near accidents should
ne carefully analyzed with the results dis-
-ributed to all who might benefit (8, 28).

:0. Information and Training Program

(a) Aim: To assure that all individuals at
risk are adequately informed about the work
in the laboratory, its risks, and what to do if
an accident occurs (5, 15).

(b) Emergency and Personal Protection
Training: Every laboratory worker shouid
know the location and proper use of avail-
able protective apparel and equipment (154,
169). ’

Some of the full-time personnel of the lab-
oratory should be trained in the proper use
of emergency equipment and procedures (6).

Such training as well as first aid instruc-
tion should be available to (154) and encour-
aged for (176) everyone who might need it.

(¢) Receiving and stockroonvstoreroom
personnel should know about hazards, han-
dling equipment, protective apparel, and rel-
evant regulations (217).

(d) Frequency of Training: The training
and education program should be a regular,
continuing activity—not simply an annual
presentation (15).

(e) Literature/Consultation: Literature and
consulting advice concerning chemical hy-
giene should be readily available to labora-
tory personnel, who should be encouraged to
use these information resources (14).

11. Waste Disposal Program.

(a) Aim: To assure that minimal harm to
people, other organisms, and the environ-
ment will result from the disposal of waste
laboratory chemicals (5).

(b) Content (14, 232, 233, 240): The waste Gis-
posal program should specify how waste is to
be collected, segregated, stored, and trans-
ported and include consideration of what ma-
terials can be incinerated. Transport from
the institution must be in accordance with
DOT regulations (244).

(¢) Discarding Chemical Stocks: Unlabeled
containers of chemicals and solutions should
undergo prompt disposal; if partially used.
they shouid not be opened (24. 27).

Before & worker's employment in the lab-
oratory ends, chemicals for which that per-
son was responsible should be discarded or
returned to storage (226).

(d) Frequency of Disposal: Waste should be
removed from laboratories to a central waste
storage area at least once per week and from
the central waste storage area at regular in-
tervals (14).

(e) Method of Disposal: Incineration in an
environmentally acceptable manner is the
most practical disposal method for combus-
tible laboratory waste (14, 238, 241).

Indiscriminate disposal by pouring waste
chemicals down the drain (14, 231, 242) or add-
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ing them to mixed refuse for landfill burial
is unacceptable (14).

Hoods should not be used as a means of dis-
posal for volatile chemicals (40, 200).

Disposal by recycling (233, 243) or chemical
decontamination (40, 230) should be used
when possible. :

=. Basic Rules and Procedures for Working with
Chemicals

The Chemical Hygiene Plan should require
that laboratory workers know and follow its
rules and procedures. In addition to the pro-
cedures of the sub programs mentionea
above. these should include the rules listed
below.

1. General Rules .

The following should be used for essen-
tially all laboratory work with chemicals:

(a) Accidents and spills—Eye Contact:
Promptly flush eyes with water for a pro-
longed period (15 minutes) and seek medical
attention (33, 172).

Ingestion: Encourage the victim to drink
large amounts of water (178).

Skin Contact: Promptly flush the affected
area with water (33, 172, 178) and remove any
contaminated clothing (172, 178). If symp-
toms persist after washing, seek medical at-
tention (33).

Clean-up. Promptly clean up spills, using
appropriate protective apparel and equip-
ment and proper disposal (24 33). See pp. 233-
237 for specific clean-up recommendations.

(b) Avoidance of *‘routine’’ exposure: Develop
and encourage safe habits (23); avoid unnec-
essary exposure to chemicals by any route
(23);

Do not smell or taste chemicals (32). Vent
apparatus which may discharge toxic chemi-
cals (vacuum pumps, distillation columns,
etc.) into local exhaust devices (199).

Inspect gloves (157) and test glove boxes
(208) before use.

Do not allow release of toxic substances in
cold rooms and warm rooms, since these
have contained recirculated atmospheres
(209).

(¢) Choice of chemicals: Use only those
chemicals for which the quality of the avail-
able ventilation system is appropriate (13).

(d) Eating, smoking, etc.. Avoid eating,
drinking, smoking, gum chewing, or applica-
tion of cosmetics in areas where laboratory
chemicals are present (22, 24, 32, 40); wash
hands before conducting these activities (23,
24).

Avoid storage, handling or consumption of
food or beverages in storage areas, refrig-
erators, glassware or utensils which are also
used for laboratory operations (23, 24, 226).

(e)” Equipment and glassware: Handle and
store laboratory glassware with care to
avoid damage; do not use damaged glassware
(25). Use extra care with Dewar flasks and
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other evacuated glass apparatus; shield or
wrap them to contain chemicals and frag-
ments should implosion occur (25). Use
equipment only for its designed purpose (23,
26).

f) Eriting: Wash areas of exposed skin weil
before leaving the laboratory (23).

(g) Horseplay: Avoid practical jokes or
other behavior which might confuse, startle
or distract another worker (23).

(B) Mouth suction: Do not use mouth suc-
tion for pipeting or starting a siphon (23, 32).

(1) Personal apparel: Confine long hair and
loose clothing (23, 158). Wear shoes at all
times in the laboratory but do not wear san-
dals, perforated shoes, or sneakers (158).

(}) Personal housekeeping: Keep the work
area clean and uncluttered. with chemicals
and equipment being properiy labeled and
stored; clean up the work area on completion
of an operation or at the end of each day (24).

(k) Personal protection: Assure that appro-
priate eye protection (154-156) is worn by all
persons, including visitors, where chemicals
are stored or handled (22, 23, 33, 154).

Wear appropriate gloves when the poten-
tial for contact with toxic materials exists
(157); inspect the gloves before each use.
wash them before removal, and replace them
periodically (157). (A table of resistance to
chemicals of common glove materials is
given p. 159).

Use appropriate (164-168) respiratory equip-
ment when air contaminant concentrations
are not sufficiently restricted by engineering
controls (164-5), inspecting the respirator be-
fore use (169).

Use any other protective and emergency
apparel and equipment as appropriate (22,
157-162).

Avotid use of contact lenses in the labora-
tory unless necessary; if they are used, in-
form supervisor so special precautions can be
taken (155).

Remove laboratory coats immediately on
significant contamination (161).

(1) Planning: Seek information and advice
about hazards (7), plan appropriate protec-
tive procedures, and plan positioning of
equipment before beginning any new oper-
ation (22, 23).

(m) Unattended operations: Leave lights on,
place an appropriate sign on the door, and
provide for containment of toxic substances
in the event of failure of a utility service
(such as cooling water) to an unattended op-
eration (27, 128).

(n) Use of hood: Use the hood for operations
which might result in release of toxic chemi-
cal vapors or dust (198-9).

As & rule of thumb, use & hood or other
local ventilation device when working with
any appreciably volatile substance with a
TLV of less than 50 ppm (13).

Confirm adequate hood performance before
use; keep hood closed at all times except
when adjustments within the hood are being
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made (200); keep materials stored in hoods to
a2 minimum and do not allow them to block
vents or air flow (200).

Leave the hood “‘on” when it is not in ac-
tive use if toxic substances are stored in it or
i it is uncertain whether adequate genera)
laboratory ventilation will be maintained
when it is “off’’ (200).

(0) Vigilance: Be aiert to unsafe conditions
and see that they are corrected wnen de-
tected (22).

(p) Waste disposal: Assure that the pian for
each laboratory operation includes plans and
training for waste disposal (230).

Deposit chemical waste in appropriately
labeled receptacies and follow all other
waste disposal procedures of the Chemical
Hygiene Plan (22, 24).

Do not discharge to the sewer concentrated
acids or bases (231); highly toxic, malodor-
ous, or lachrymatory substances (231); or any
substances which might interfere with the
biological activity of waste water treatment
plants, create fire or explosion hazards,
cause structural damage or obstruct- flow
(242). )

(Q) Working alone: Avoid working alone in a
building; do not work alone in a laboratory
if the procedures being conducted are hazard-
ous (28).

2. Working with Allergens and Embryotoxins

(a) Allergens (examples: diazomethane,
isocyanates, bichromates): Wear suitable
gloves to prevent hand contact with aller-
gens or substances of unknown allergenic ac-
tivity (35).

(b) Embryotorins (34-5) (examples:

- organomercurials, lead compounds, form-

amide): If you are a woman of childbearing
age, handle these substances only in a hood
whose satisfactory performance has been
confirmed, using appropriate protective ap-
parel (especially gloves) to prevent skin con-
tact.

Review each use of these materials with
the research supervisor and review continu-
ing uses annually or whenever a procedural
change is made.

Store these substances. properly labeled, in
an adequately ventilated area in an unbreak-
able secondary container.

Notify supervisors of all incidents of expo-
sure or spills; consuilt a qualified physician
when appropriate.

3. Work with Chemicals of Moderate Chronic
or High Acute Toxicity

EXAMPLES: diisopropyiflurophosphate (41),
hydrofluoric acid (43), hydrogen cyanide (45).

Supplemental rules to be followed in addi-
tion to those mentioned above (Procedure B
of “‘Prudent Practices”, pp. 30-41):

(a) Aim: To minimize exposure to these
toxic substances by any route using all rea-
sonable precautions (39). *
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.b) Applicability: These precautions are ap-
propriate for substances with moderate
chronic or high acute toxicity used in sig-
pificant quantities (39). .
.Y Location: Use and store these substances
oy 1n areas of restricted access with spe-
cial warning signs (40, 229).

Always use a nood (previously evaluated to
confirm adequate performance with a face
velocity of at least 60 linear feet per minute)
(40) or other containment device for proce-
dures which may resuit in the generation of
aerosols or vapors containing the substance
(39); trap released vapors to prevent their
discharge with the hood exhaust (40).

(d) Personal protection: Always avoid skin
contact by use of gloves and long sleeves
(and other protective apparel as appropriate)
(39). Always wash hands and arms imme-
diately after working with these materials
(40).

(e) Records: Maintain records of the
amounts of these materials on hand.
amounts used, and the names of the workers
involved (40, 229).

() Prevention of spills and accidents: Be pre-
pared for accidents and spills (41).

Assure that at least 2 people are present at
all times if a compound in use is highly toxic
or of unknown toxicity (39).

Store breakable containers of these sub-
stances in chemically resistant trays; also
work and mount apparatus above such trays
or cover work and storage surfaces with re-
movable, absorbent, plastic backed paper
(40).

If a major spill occurs outside the hood,
evacuate the area; assure that cleanup per-
sonnel wear suitable protective apparel and
equipment (41).

(g) Waste: Thoroughly decontaminate or in-
cinerate contaminated clothing or shoes (41).
If possible, chemically decontaminate by
chemical conversion (40).

Store contaminated waste in closed, suit-
ably labeled, impervious containers (for lig-
uids, in glass or plastic bottles half-filled
with vermiculite) (40).

4. Work with Chemicals of High Chronic
Toxicity

(Examples: dimethylmercury and nickel
carbonyl (48), benzo-a-pyreme (51), N-
nitrosodiethylamine (54), other human car-
cinogens or substances with high carcino-
genic potency in animals (38).) .

Further supplemental rules to be followed.
in addition to all these mentioned above, for
work with substances of known high chronic
toxicity (in quantities above a few milli-
grams to a few grams, depending on the sub-
stance) (47). (Procedure A of ‘‘Prudent Prac-
tices™ pp. 47-50).

(a) Access: Conduct all transfers and work

.with these substances in a ‘‘controlled area'':
" & restricted access hood, glove box, or por-

tion of a lab, designaved for use of highly

§1910.1450, App. A

voxic substances, for which all people with
access are aware of the substances being
used and necessary precautions (48).

(b) Approvais: Prepare a plan for use and
disposal of these materials and obtain the
approval of the iaboratory supervisor (48).

ic) Non-contamination/Decontamination: Pro-
zect vacuum pumps against contamination
5y scrubbers or HEPA filters and vent them
.avo the hood (49). Decontaminate vacuum
Jumps or other contaminated equipment, in-
cluding giassware. in the hood before remov-
ing them from the controlled area (49. 50).

Decontaminate the controlled area pefore
normal work is resumed there (50).

id) Eriting: On leaving a controlled area,
remove any protective appare!l (placing it in
an appropriate. labeled container) and thor-
oughly wash hands, forearms, face, and neck
(49).

(e) Housekeeping: Use a wet mop or a vacu-
um cleaner equipped with a HEPA filter in-
stead of dry sweeping if the toxic substance
was a dry powder (50).

(f)  Medical surveillance: If using
toxicologically significant quantities of such
a substance on & regular basis (e.g., 3 times
per week), consult a qualified physician con-
cerning desirability of regular medical sur-
veillance (50).

(g) Records: Keep accurate records of the
amounts of these substances stored (229) and
used, the dates of use, and names of users
(48).

(h) Signs and labels: Assure that the con-
trolled area is conspicuously marked with
warning and restricted access signs (49) and
that all containers of these substances are
appropriately labeled with identity and
warning labels (48).

(1) Spills: Assure that contingency pians,
equipment, and materials to minimize expo-
sures of people and property in case of acci-
dent are available (233-4). .

(}) Storage: Store containers of these
chemicals only in a ventilated, limited ac-
cess (48, 227, 229) area in appropriately la-
beled, unbreakable, chemically resistant,
secondary containers (48, 229).

(k) Glove bores: For a negative pressure
glove box, ventilation rate must be at least
2 volume changes-hour and pressure ay least
0.5 inches of water (48). For a positive pres-
sure glove box. thoroughly check for leaks
before each use (49). In either case, trap the
exit gases or filter them through a HEPA fil-
ter and then release them into the hood (49).

(1) Waste: Use chemical decontamination
whenever possible; ensure that containers of
contaminated waste (including washings
from contaminated flasks) are transferred
from the controlled area in a secondary con-
tainer under the supervision of authorized
personnel (49, 50, 233).
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5. Animai Work with Chenmicals of High
Chronic Toxicity

_2) Access: For large scale studies. special
cacilities with restricted access are rrel-
sraple (56).

.5) Administration o/ the :oric suostance:
“Vhen possible. administer tae substance ov
injection or gavage instead of in the diet. If
administration 1s in the diet. use a caging
system under negative pressure Or under
laminar air flow directed toward HEPA fil-
ters (36).

(c) Aerosol suppression: Devise procedures
which minimize formation and dispersai of
contaminated aerosols, including those from
food, urine, and feces (e.g., use HEPA filtered
vacuum equipment for cleaning, moisten
contaminated bedding before removal from
the cage, mix diets in closed containers in a
hood) (55, 56).

(d) Personal protection: When working in
the animal room, wear plastic or rubber
gloves, fully buttoned laboratory coat or
jumpsuit and, if needed because of incom-
plete suppression of aerosols, other apparel
and equipment (shoe and head coverings, res-
pirator) (56).

(e) Waste disposal: Dispose of contaminated
animal tissues and excreta by incineration if
the available incinerator can convert the
contaminant to non-toxic products (238); oth-
erwise, package the waste appropriately for
burial in an EPA-approved site (239).

F. Safety Recommendations

The above recommendations from *‘Pru-
dent Practices’ do not include those which
are directed primarily toward prevention of
physical injury rather than toxic exposure.
However, failure of precautions against in-
jury will often have the secondary effect of

‘causing toxic exposures. Therefore, we list

helow page references for recommendations

‘concerning some of the major categories of

safety hazards which also have implications

for chemical hygiene:

1. Corrosive agents: (35-6)

2. Electrically powered laboratory apparatus:
(179-92)

3. Fires, explosions: (26, 57-74, 1624, 174-5,
219-20, 226-7)

4, Low temperature procedures: (26, 88)

5. Pressurized and vacuum operations (in-
cluding use of compressed gas cylinders):
{27, 75-101)

G. Material Safety Data Sheets

Material safety data sheets are presented
in “Prudent Practices’” for the chemicals
iisted below. (Asterisks denote that com-
prehensive material safety data sheets are
provided).

*Acetyl peroxide (105)
*Acrolein (106)
*Acrylonilrile (107)

29 CFR Ch. XVIi (7-1-95 Edition)

Ammonia (2nhydrous) (91)
*Aniline (109)
*Benzene (110
*Benzo{a]pyrene (112)
*Bis(chloromethyl) ether (113)
Boron trichioride (91)

Boron trifluoride (92)
3romine (114:

~Tert-butyi aydroperoxide (i48)
=Carbon aisuifide (116)
Carbon monoxiae (92)
*Carbon tetrachloride (118)
*Chlorine (119)

Chlorine trifluoride (94)
*Chloroform (121)
Chloromethane (93)

*Diethyl ether (122)
Diisopropyl fluorophospnate (41)
*Dimethylformamide (123)
*Dimethyl sulfate (125)
*Dioxane (126)

*BEthylene dibromide (128)
*Fluorine (95)
*Formaldehyde (130)
*Hydrazine and salts (132)
Hydrofluoric acid (43)
Hydrogen bromide (98)
Hydrogen chloride (88)
*Hydrogen cyanide (133)
*Hydrogen sulfide (135)
Mercury and compounds (52)
*Methanol (137)

*Morpholine (138)

*Nickel carbonyl (99)
*Nitrobenzene (139)
Nitrogen dioxide (100) .
N-nitrosodiethylamine (54)
*Peracetic acid (141)
*Phenol (142)

*Phosgene (143)

*Pyridine (144)

*Sodium azide (145)
*Sodium cyanide (147)
Sulfur dioxide (101)
*Trichloroethylene (149)
*Vinyl chloride (150) -

APPENDIX B TO §1910.1450—REFERENCES (NON-
MANDATORY)

The following references are provided to
assist the employer in the development of &
Chemical Hygiene Plan. The materials listed
below are offered as non-mandatory guid-
ance. References listed here do not imply
specific endorsement of a book, opinion,
technique, policy or a specific solution for a
safety or health problem. Other references
not listed here may better meet the needs of
a specific laboratory. (a) Materials for the
development of the Chemical Hygiene Plan:

1. American Chemical Society, Safety in
Academic Chemistry Laboratories, 4th edi-
tion, 1985.

2. Fawcett, HH. and W. S. Wood, Safety
and Accident Prevention in Chemical Oper-
ations, 2nd edition, Wiley-Interscience, New
York, 1982.
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. Society, Safety in
\boratories, 4th edi-

W. S. Wood. Safety
n in Chemical Oper-
sy-Interscience, New

Occupdationat Safety and Heaith Admin., Labor

3. Flury, Patricia A., Environmental
Health and Safety in vhe Hospital Labora-
-orv, Charies C. Thomas Publisher, Spring-
Zeld IL, 1978.

i, Green. Michael E. and Turk, Amos. Safe-
<7 in Working with Chemicals, Macmillan
Publishing Co.. NY, 1978.

3. Kaufman. James A.. Laboratory Safetvy
Guidelines, Dow Chemical Co., Box 1713, Mid-
.and, MI 48640, 1977. .

6. National Institutes of Health. X
Guidelines for the Laboratory use of Chemi-
cal Carcinogens, NIH Pub. No. 81-2385. GPO.
Washington, DC 20402, 1981.

7. National Research Council. Prudent
Practices for Disposal of Chemicals from
Laboratories, National Academy Press.
Washington, DC, 1983.

8. National Research Council. Prudent
Practices for Handling Hazardous Chemicais
in Laboratories, National Academy Press.
Washington, DC, 1981.

9. Renfrew, Malcolm, Ed., Safety in the
Chemical Laboratory, Vol. IV, J. Chem. Ed.,
American Chemical Society, Easlon, PA,
1981.

10. Steere, Norman V., Ed., Safety in the
Chemical Laboratory, J. Chem. Ed. American
Chemical Society, Easlon, PA, 18042. Vol. I,
19617, Vol. II, 1971, Vol. III 1974.

11. Steere, Norman V., Handbook of Lab-
oratory Safety, the Chemical Rubber Com-
pany Cleveland, OH, 1971.

12. Young, Jay A., Ed., Improving Safety in
the Chemical Laboratory, John Wiley &
Sons, Inc. New York, 1987.

(b) Hazardous Substances Information:

1. American Conference of Governmental
Industrial Hygienists, Threshold Limit Val-
ues for Chemical Substances and Physical
Agents in the Workroom Environment with
Intended Changes, 6500 Glenway Avenue,
Bldg. D-7 Cincinnati, OH 452114438 (latest
edition). )

2. Annual Report on Carcinogens, National
Toxicology Program U.S. Department of
Health and Human Services. Public Health
Service. U.S. Government Printing Office,
Washington, DC, (latest edition).

3. Best Company, Best Safety Directory,
Vols. I and II, Oldwick, N.J., 1981.

4. Bretherick, L., Handbook of Reactive
Chemical Hazards, 2nd edition.
Butterworths, London, 1979.

5. Bretherick, L., Hazards in the Chemical
Laboratory, 3rd edition, Royal Society of
Chemistry, London, 1986.

6. Code of Federal Regulations, 29 CFR part
1910 subpart Z. U.S. Govt. Printing Office.
Washington, DC 20402 (latest edition).

7. IARC Monographs on the Evaluation of
the Carcinogenic Risk of Chemicals to Man,
World Health Organization Publications Cen-
ter, 49 Sheridan Avenue, Albany. New York
12210 (latest editions).

8. NIOSH/OSHA Pocket Guide to Chemical
Hazards. NIOSH Pub. No. 85-114, U.S. Gov-

§1910.1450, App. B

ernment Printing Offico, Washington, DC,
1985 (or latest edition).

9. Occupational Health juidelines, NIOSH/
OSHA NIOSH Pub. No. :#1-123 U.S. Govern-
ment Printing Office. Washington, DC, 1981.

10. Patty, F.A., Industrial Hygiene and
Toxicology, John Wilevy & Sons, Inc., New
York. NY (Five Volumaes®

11. Registry of Toxi¢ lffects of Chemical
Substances. U.S. Department of Health and
Human Services, Public tlealth Service, Cen-
ters tor Disease Control. Nationai Institute
for Occupational Safety and Heaith, Revisea
Annually, for sale tfrom sSuperintendent of
Documents U.S. Govt. t'rinting Office, Wash-
ington. DC 20402.

12. The Merck Index: An Encyclopedia of
Chemicals and Drugs. Merck and Company
Inc. Rahway, N.J., 1976 (or latest edition).

13. Sax, N.I. Dangerous t*roperties of Indus-
trial Materials, 5th edition, Van Nostrand
Reinhold, NY., 1879.

14. Sittig, Marshall, Handbook of Toxic and
Hazardous Chemicals, Noyes Publications,
Park Ridge, NJ, 1981.

(c) Information on Ventilation:

1. American Conferenco of Governmental
Industrial Hygienists ludustrial Ventilation
(latest edition), 6500 Glenway Avenue, Bldg.
D-7, Cincinnati, Ohio 45211-4438.

2. American National Standards Institute,
Inc. American National Standards Fun-
damentals Governing the Design and Oper-
ation of Local Exhaust Systems ANSI Z 9.2-
1979 American Nationa! Ntandards Institute,
N.Y. 1979.

3. Imad, A.P. and Watson, C.L. Ventilation
Index: An Easy Way to Docide about Hazard-
ous Liquids. Professiona! Safety pp 15-18,
April 1980.

4. National Fire Protoction Association,
Fire Protection for Il..boratories Using
Chemicals NFPA-45, 1982,

Safety Standard for Luboratories in Health
Related Institutions, NFI’A, 56c, 1980.

Fire Protection Guide on Hazardous Mate-
rials, 7Tth edition, 1978.

National Fire Protoction Association,
Batterymarch Park, Quincy, MA 02269.

5. Scientific Apparatus Makers Association
(SAMA), Standard for l.aboratory Fume
Hoods, SAMA LF7-1980, 1101 16th Street,
NW., Washington, DC 20(:45.

(d) Information on Availability of Ref-
erenced Material:

1. American National Ytandards Institute
(ANSI), 1430 Broaaway, !isw York, NY 10018.

2. American Society for Testing and Mate-
rials (ASTM), 1916 Race Street, Philadelphia,
PA 19103.

(Approved by the Office of Management and
Budget under control nurnber 1218-0131)

(55 FR 3327, Jan. 31, 19%0: 55 FR 7967, Mar.
1990; 57 FR 29204, July 1. i'92) + Mar. 6
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$1910.1499 Source of standards.

3action 1910.1000 .......... 41 CFR 50-204.50, exceot for
Table Z-2. the source of which
is Amencan Nanona Stancards
instrtute, 237 senes.

140 FR 23073, May 28, 1975]

§$1910.1500 Standards organizations.

Specific standards of the following
organizations have been referred to in

29 CFR Ch. XVII (7-1-95 Edition)

this subpart. Copies of the standards
may be obtained from the issuing orga-
nization.

American Conference of Governmental
Industrial Hygienists

8500 Glenway Avenue, Bldg. D—7

Cincinnati, Ohio 45211—4438

American National Standards Institute

1430 Broadway

New York. New York 10018

(40 FR 23073. May 28. 1975. as amendea at 43

FR 57603, Dec. 8, 1978; 57 FR 29204. July 1,

1992]
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INTRODUCTION

The use of respiratory protective equipment is required to ensure the safety and health for those emplovees at
TVA'S Environmental Research Center engaged in operations where contaminants cannot be engineered out
of the work environment. Contaminants can be encountered by the failure of control equipment or when
adequate work practices are not utilized. Contaminants vary in form from nuisance dust to vapors, particulate
matter, gases, mists, fumes, and fogs. These Respiratory Protection Program guidelines are written to
establish and provide guidelines for the proper use of respirators at the Center's facilities. They should also be
used to develop detailed Standard Operating Procedures (SOP's) where needed.

These guidelines are based on the following: OSHA Respirator Requirements 29 CFR 1910.134, OSHA
Respiratory Compliance Section of the Industrial Hygiene Field Operations Manual (March 2, 1981),
American National Standards Institute Z88.2-1969 and 1980, "A Guide to Industrial Respiratory Protection,"
September 1987, HHS Pub. No. (NIOSH 87-116), and Manual of Respiratory Protection Against Airborne
Radioactive Materials (NUREG - 0041, September 1976).

AGENCY POINT OF CONTACT

The TVA Agency contact for information regarding respiratory protection is the Manager of Safety,
Multipurpose Building, Muscle Shoals, Alabama 35660, (205) 386-2314.




1.0 PURPOSE:

The purpose of these guidelines is to establish the requirements and responsibilities of the elements of a
respirator program for research activities and those activiities conducted in support of research at the Center.

2.0 SCOPE:

2.1  These guidelines provide broad direction for the planned use of respiratory equipment to protect
individuals from exposures to airborne materials that might be encountered during certain operations.

2.2 Guidance is primarily directed to the use of respirators to prevent the inhalation of airborne

- materials.

2.3 These guidelines are applicable to employees, inspectors, and visitors, who must enter an area
where the use of respiratory protective equipment is required.

24  This document does not apply to the use of self-contained breathing apparatus or to the hazards
associated with welding.

3.0 OSHA REQUIREMENTS:

3.1 The OSHA General Industry Standard for Respiratory Protection, 29 CFR 1910.134, requires
that a respiratory protection program be established by the employer, and that respirators be provided and be
effective when such equipment is necessary to protect the health of the employee.

3.2 Respiratory protection against airborne radioactive materials may require additional compliance
as listed in U.S. Nuclear Regulatory Commission requirements (10 CFR 20).

3.3 CARCINOGENS: Since the National Institute for Occupational Safety and Health (NIOSH)
maintains that there is no safe exposure to carcinogens; unless otherwise authorized, only the most protective
respirators should be used to protect workers from exposure to carcinogens in the workplace. OSHA
standards on specific carcinogens list required respiratory protection.

4.0 RESPONSIBILITIES:

4.1 The employee - 1t is the responsibility of each employee to use respiratory protective equipment
according to the requirements of the Respiratory Protection Program Guidelines.

4.2 The employer - Current Federal regulations assign the employer the responsibility to provide
safe and healthful working conditions for workers. Where engineering and/or administrative controls have
failed to eliminate hazardous or potentially hazardous conditions, or the utilization of such controls is not
feasible and respirators are necessary to protect the health of the employee, then respirators shall be provided
by the employer.

50  GENERAL REQUIREMENTS (minimal acceptable program):
5.1 Only approved respirators shall be used. The respirator furnished shall provide adequate respiratory
protection against the particular hazard for which it is designed in accordance with established standards. The

Mine Safety and Health Administration and the National Institute for Occupational Safety and Health
(MSHA-NIOSH) are responsible for testing and certifying respirators.

5.2 Respirators shall be selected on the basis of hazards to which the employee is exposed.




5.3 The employee shall be instructed and trained in the proper use of respirators and their limitations.

5.4  Respirators shall be regularly cleaned and disinfected by the user. Those used by more than one
worker shall be thoroughly cleaned and disinfected after each use.

5.4 Respirators shall be stored in a convenient, clean, and sanitary location.

5.5  Respirators used routinely shall be inspected during cleaning. Worn or deteriorated parts shall be
replaced.

5.6  Appropriate surveillance of work area conditions and degree of employee exposure or stress shall be
maintained by the supervisor.

5.7  There shall be regular inspection and evaluation to determine the continued effectiveness of the
program by the supervisor.

5.8 Employees shall not be assigned to tasks requiring use of respirators unless it has been determined by
means of a medical examination that they are physically able to perform the work and use the equipment.

5.9  Employees shall be properly trained in the use of respirators. Such training shall be reviewed on an
annual basis and shall include the following elements:

5.9.1 The nature, extent, and effects of the respiratory hazard to which the employee may be exposed
and the need for respiratory protection. '

5.9.2 Engineering or work practice controls to be used during the operation.

5.9.3 Respirator selection to match a specific hazard, capabilities and limitations of respirators, and
maintenance of respirators.

5.9.4 Inspection, donning, checking the fit of, and wearing respirators, and instructions for special use
of respirators.

5.9.5 Recognizing and handling emergency respiratory hazard situations.

5.9.6 Ciriteria for changing filter elements for air-purifying respirators. (e.g. When breathing becomes
difficult or when the employee can smell or taste the contaminants).

5.9.7 Regulations on respirétor use and the contents of this Respiratory Protection Guideline.

5.10  Respirators shall not be worn when conditions prevent a good face seal. Such conditions may be the
growth of a beard or sideburns, a skull cap that projects under the facepiece, or temple pieces on glasses.

5.11 The wearing of contact lenses in contaminated atmospheres with a respirator shall not be allowed.

5.12  Employees shall be provided a fit test to demonstrate that a good face seal exists before being
approved to use a respirator.

6.0  SPECIFIC REQUIREMENTS FOR TVA'S ENVIRONMENTAL RESEARCH CENTER

6.1 Fume hoods shall be used to prevent atmospheric contamination of laboratory breathing air. This
primary engineering control measure shall be used to enclose or confine any potentially unsafe working




operation. Employees shall use fume hoods for any work where the breathing air may be contaminated with
harmful dusts, fogs, fumes, mists, gases, or vapors.

6.2  Substitution of less toxic materials will be employed when possible to minimize any respiratory or
other hazardous risk.

6.3  When engineering controls are not completely effective, respirators as described below can be used as
a precautionary measure.

6.3.1 A half-mask respirator or full-face piece respirator can be obtained from the work area
supervisor when working with toxic or fuming compounds. Selection of the type respirator shall be made
with consideration given to exposure of the eyes. Organic vapor cartridges are used in the respirator when
working with toxic organic and volatile organic compounds. Acid gases-organic vapor cartridges are used in
the respirator when working with volatile acid, fuming acid, or acid cleaning solutions.

6.3.2 A face piece particle (dust) mask can be obtained from the work area supervisor when working
in a dusty or particle-laden atmosphere, and when performing any grinding or sanding operations.

6.4  Instruction and demonstration on the correct selection and usage of respirators shall be provided once
annually at a regularly-scheduled safety meeting by a trained industrial hygienist. The industrial hygienist
will also provide any additional training as requested.

6.5  Face-piece respirators shall be cleaned using a solution of warm soapy water. Respirators shall be
sanitized by immersing in or washing with a one percent sodium hypochlorite solution. Respirators shall be
thoroughly rinsed with warm water following cleaning or sanitizing to remove any residues which might
hasten deterioration.

6.6  After air drying, face piece respirators shall be stored in a "zip-locking" plastic bag to retard
deterioration of rubber parts and assure longer usable life of the cartridges. The employee's name should be
clearly printed on the plastic bag.

7.0 REFERENCES

7.1 Code of Federal Regulations, Title 29, Part 1910, Section 134, revised July 1, 1986.

Revision Log for Revision 1

A. Changed title and telephone number for Agency Point of Contact.

RESPIRAT.DOC 09/27/94



Respiratory Protection Plan for Research Activities

A written Respiratory Protection Plan is required by federal law when respirators are
being used in the workplace. The attached document is the first revision of the
Respiratory Protection Plan for TVA's Environmental Research Center. The plan was
initially issued in October 1994. The document was reviewed by a committee consisting
of the Chemical Hygiene Officers (CHO's) for the Center: Liz Bailey, Sheryl Cannon,
Tim Holt, Robert Johnson, and Bill Rogers.

The CHO's serve the Center because of the Laboratory Standard promulgated by the
Occupational Health and Safety Adminitration. The Laboratory Standard applies only to
laboratory use of hazardous chemicals. It is neither a complete safety program nor a
complete respiratory protection program. However, since safety and respiratory
protection are associated with the Laboratory Standard, the CHO's seemed to be a logical
group to review the existing respiratory protection program.

The Respiratory Protection Plan was written only for the Center. It is therefore somewhat
limited in scope. While half-mask respirators, full-face respirators, and dust masks are
covered, self-contained breathing apparatus and emergency escape devices were
deliberately exluded from the document. Only activities expected to occur during
research or support of research were considered in writing the document. Welding,
similar industrial activities, or chemical plant production activities were not included.
What has resulted is a document which is closely allied to the Chemical Hygiene Plan. It
should be distributed and filed with your copy of the Chemical Hygiene Plan.

Should any employee see the need for a more extensive program, the Chemical Hygiene
Officers should be contacted.

Willliam J. Rogers
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MARTIN MARIETTA ORDNANCE SYSTEMS, INC. MILAN ARMY AMMUNITION PLANT
’ MILAN, TENNESSEE 38358
TELEPHONE (901) 5868101

MINIMUM SAFETY AND SECURITY REQUIREMENTS FOR CONTRACTORS
AT MILAN ARMY AMMUNITION PLANT, MILAN, TENNESSEE

Revised 4/95

1. Each employee shall be provided with initial indoctrination and such continuing instruction
as will enable him to conduct his work in a safe manner. This indoctrination shall include
the provisions of this document.

2. All personnel and vehicles entering MAAP are subject to searches.

3.  All persons driving automobiles within the Plant will be required to have a valid State
Driver's License, a Plant Pass, and Liability Insurance.

4.  Automobiles must be equipped with headlights, taillights, seat belts, stop and tum
signals, windshield wipers, and adequate brakes.

5.  All'vehicles entering a restricted (limited)area must be equipped with an approved fire
extinguisher (minimum 2 1/2 Ib. BC). Fire extinguishers are also required on gasoline
and battery powered generators, materials handling, and similar equipment.

6. The wearing of seat belts by operators and occupants of vehicles is a condition of entry
to Milan Army Ammunition Piant.

7.  “Strike Anywhere" matches, alcoholic beverages, and narcotics are not allowed within
the Plant. Persons under the influence of alcohol or narcotics will not be permitted to
enter MAAP.

8.  Smoking is permitted only in designated locations and safety matches and cigarette
lighters are allowed only outside “restricted areas”.

9.  Heat, flame, or spark producing equipment will not be permitted inside “restricted areas”
without a written permit from the MMOS Safety Department. One copy of the permit
must be posted at the work location. /oy /e w.'7¢ Ty

10. Cameras and video equipment are prohibited within the Plant unless a camera pass is
obtained from the Guard Department. A permit (MM-60) must be obtained from the
MMOS Safety Department prior to using cameras and video equipment within restricted
areas. This permit is in addition to the camera pass.

11. \Visitations to other thén assigned areas or buildings will not be allowed.
12. A person(s) involved in any vehicle accident within the Plant must report the incident to

the Guard Department (phone 6565) immediately. Accidents involving damages to
Govemment (Plant) property must also be reported to the MMOS Safety Department.




Page 2 - SAFETY AND SECURITY (continued)

Revised 4/95

12. The following speed limits within the Plant are applicable:
Plant routes Outside Restricted Areas - 45 mph

Storage Areas . =35 mph
Operating Lines - 15 mph
Area J - 20 mph
Area Q - 20 mph
Others - As Posted

13. Line and Area sirens are subject to sounding at any time. When the siren sounds, all
persons must proceed immediately to the designated assembly point. This assembly
point can be found by following the posted evacuation routes. If you are within an
operating line with a vehicle, do not drive the vehicle to the assembly point. Park the
vehicle and proceed rapidiy to the assembly point by foot. (77.%,.~ o Se

14. First Aid Kits must be available at the project site. A person trained in first aid must be
present on each project site.

15. Plant ambulance service will be provided to the local hospital for employees sustaining
serious injuries. In case of an emergency, dial 17 and give name and location.

Note: Charages for ambulance services will be billed to the Contractor requesting service.

16. Personal protective equipment applicable to the work shall be fumished as required and
its use enforced. Safety glasses are required in all industrial areas of the plant. Face
shields and goggles may also be required, depending on the job.

17. Contamination or poliution of any river, stream or water system is prohibited. Spills of
hazardous waste/materials must be reported via phone immediately to the Installation
On-Scene Coordinator (IOSC) (phone 6776), Guard Dispatcher (phone 6565), or the
Environmental Department (phone 6727). :

18. All electrical equipment shall be properly grounded to dissipate stray currents. Ground _
fault circuit interrupters are required when using extension cords.

19. Hand tools and power tools must be in good condition and conform to the established
" standards for safe operations.

20. Job sites are subject to safety inspections by Plant Safety Personne!, Federal, State, and
other regulatory agencies.

21. Good housekeeping must be maintained within the project area.
22. Safety meetings must be held at least once per week. |
23. During clearing, excavation, or while performing normal duties at job site(s), if ammunition

or ammunition components are found, DO NOT DISTURB THESE ITEMS. Contact
MMOS Safety Department immediately (phone 6482 or 6973).




Page 3 - SAFETY ANS SECURITY (continued)

Revised 4/85

24. Asbestos and materials containing asbestos were used extensively in the construction of
facilities throughout Milan AAP. Asbestos may be encountered in insulation for pipes,
boilers, water tanks, and in roofing and siding materials (Transite). To insure that no one
is exposed to friable asbestos fibers, the presence/absence of asbestos must be verified
prior to performing any repairs, maintenance, demolition, or removal. If sampling/testing
proves the material to be asbestos, then removal, handling, and disposal must be in
accordance with OSHA 1910.1101 and other regulations as applicable.

Buoras Perm, 1

Michael E. Harris - Engineering Director
MARTIN MARIETTA ORDNANCE SYSTEMS, INC.
a Lockheed Martin Company
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FIRST-AID
INSTRUCTIONS

For

TVA Employees

TENNESSEE VALLEY AUTHORITY
Division of Medical Services

1986

TVA/OCS/MS-86/1
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A-144 ATTACHMENT: DA Form 285 (Jan 92) - U.S. Army Accident Report




U.S. ARMY ACCIDENT REPORT
Instructions
General. Tic wut navng the accigent mus:
NVESLGALC 1t ang comnpiole this repon.  Complale
SN308a DOMUONS ONly lor:  Muiary on-guty.
n-fatal accigents: anu mintary on-quty
OALS resulung i inss than 20 1ost workaavs.
Accaents wnvoiving 20 Or 1nOIC lusl workaays
ana/or 10lad OrODOMY damage of $2.000 or more
wit 1eQUIG COMDICON Of Ine enure report.  Type
or legidly onni INe 1eoon.  Nems may be Contnued
Ol @ Dlank sneet of paper ang anacned 10 Ine
repon.  liems kSIea below are koved 10 [he DIOCK
mmmoers of DA ~erm 285, May 91.  liems not
USIS3 here are sell expianAlYY. SostIe Quasuons
concomng s Icrm showld be relerred 10 ine
'CCa salely omce.

SECTION A . Actigent information

Note: Thus secuon shouid be compieled lor the
INUSI rOPOM ana 1or any ChAIXIES 10 A Breviously
submimed repon.

1 Checxk “INITIAL* if Yus is tne first report on
the accoent. - Chieck “CHANGE ™ if tus repon is &
Lhanda 10 a previously submaiied fepon of ine
aceoent.

2. Enter the 6.0mi Unn lgenthication Code
(UIC) for ine unil respunsibic for ING acCiaCnt
e.g.. WXXXXX).

3 Provioe mimary uni informauon 101 Ihe uit
1Siea i Biock 2.

a.  Full mucarv agoress (¢.0. C Troop.
117 Cavairy. Ft Bragg, NC 12345-6789).

S _Provioe NC unit dranch (e.g. Armor.
intantry Transporranon).

¢ Emer the year. monin, and uav ol the
acooent fe.g.. 90 11 07 (7 Novemoer 1990};.

5. Enter the mutary wme INC accioent oceurred
(2.9.. 0815, 2300).

Checx enner em & or b, oeocnong on e
of Ihe accoent.
=7 Il tem a 13 cnocxeg. Slats name Of pOSI or

nswabon re ... ~r Srann, NC. Feoersi Center.
Ananra. GA: Ft. moou. TX: Shaw AF8. SC;

S  Chack iem a il aceiaen! ocCured w4
haamr Of hosule tre or encnry acuon. but N0t 4s a
‘resul of such nrevacuon.  This includes aQrect
~r8praUON 1Oor comDal. aclual compal, of
receoyment fram 8 COmoat thcater.

10 Cheek “Yes™ o capiosives (C-d  INT)
AMMUAINON, O DVIOIBCNMICS WEre nvoved and
Cxuiamn m Block 63 s nvovement ano specity Ing
Nauwonal Swock Numocer (NSN)

11 Gwve enouan oelau to 1ng Ihe cxact locauon
Cl the accigent (e.g., Juiging numoer Sstreet Or
nignhwav name siate anaior couniry} Al slals
g ype Ol I0CaLoN e g.. ruad inierseclon. (anx
Irau. tamity nousing. hring range)

SECTION B - Personnel intormauon

Noter Compiete uns secuon tor cach nawvidual
INVOIVED and/or nured 1n (he accigent
TINVOIVCO”" Means any ocrson wio was mnwrcd. of
whO LOOK 3CUONS. O MASE TCCISIONS WINCH CaUSed
O/ contnbuled 10 the accient |t more inan one
DCTSON was INvovod. enter . inormavon on  ono
parson On Ine kAL 1orm  ang comolete oniy
Secuons A ang B on acauonal lorms 1or others
2:apie 8K IOrmMS 100ewer

16 knier mowoual s ranvgrawe re g 55.SGT
O3/CPT GS-11 wWG-g). ~ Compicte lor an
Government personne:

1T Enwer mamgual's wih MOS/JeB Sares (e g .
54£20. 11840. GS-3017)
rovioe INOWIdudl' s 1ull Military acoress lur

FAMENt DersoNNulL It IS 300ICSS 15 NOL
C as thal in BI10Ck Ja, prowiog the unit

21 Sle now Manv Conunuous hours without
SIO8D Uus wiuwviIgud was On-Culy pnot ic e
dccioent

DA FORM 28S. JaN 92 {Instructions)

<2 Inaicawe now many nRours 0l ConuNuous NieeD
JUS nemviouas 1ag in ine past 24 NOWS.

24. Swe Ui cswnated numoer of Gavs Ihis
MEMoUdl wil LU awdy TOM worK (folaily unabie
O perrorm 8ny work Doy resiion quarners)
Docs 1ot nciuce days NusoIaLzea.

23. Slalg Ine CSUMSICO (0r SCIud/) numper of
Jdavs thus norvigusl 1S nosoitalizeo
(inDaUBNNSOMIMRT) roceming rcaiment.  Davs
hospianzeo 107 “Jbservauon only” are Aol
cporneo.

25. Siale me estmawy numner o! davs s
INAVIVUAI wei Ol DE adie 10 nBnorm NS or her
TEQUAr QUUBS (hgnt duly. rofie).

28. Check aporopnale mock. |l more than one
300IeS. CROCK e MO severe.

28. For tus mAmdual's ~most severe ey,
Check he aporopnate DIOCKIS) (N0 more tnan jj
U1at 1naicale the cause of ING muury,

29. Numper 1ne Dody paris) mOS! sariously
WINNBA (N0 MOrG tNan 3) in NS Oraer ! PRONLY
ithe most serous first). Be 8s spocire as
possIe.

30. For eacn budy pan nunweres I Diock 29.
FiaCe 3 carmesoonoing NUMDEr © INCICIE NG tyDe
Of Wnjury recewea (SwieCt only e most SAnoUs).

31 Check the soproonaie Diock thai oest
ccscnoes 1na INcwvigual's acuon al e unw of the
accxent. Il Boek 3199 1S eneckeo. Compwie
thksnana??ofSecuonn.asmmby
nese nswrucuons,

32. Provioe 2 snon bul celaied expianabon of
Ine nam cnecxed m Block J31.

Note: For this repont, Ine tcilowng gcliuuons
3pply:

Tacucal Tranmg - Tranww w a held cnvion-
mem thal uses Or Ueveloos ComMdal Or comoat
SUUPON SKulS.

Field Exercrso ang Tactical Tramung - llus
ocamns wnen tie migwvious) IpeNS 1 hrs or hor
PMATY Culy I0C3LON 10r Movement (O the 1810 site
ang ongs wnen ne Or snc arnves D&CK al the
PNMAry Quiv 10CaNoN Irom ine helgd,

33. Cheex "ves" il achviv 510 1 BIOCK 3/ was
DA Ol 3 4eIQ Cxurcise.  Sidle nAINA Of CxoreIse I
" N3s a4 name (e g.. Joam Sowni. Reforge:).

42 1l visson gnnancement aoveuls) were useo.
SDECIY e ana MOOGH Mminders, and whclher
OV CduSCO I arcioenl (e g.. Night Vision
Soggie. AN.PVSSA)

33 Piovoe siangard or reterenice (Scicher s

Manusl. AP TM eig ) i i custs. 1nal covers
CCAOMManca ot NG acuvity 10enalied In BIOock 5 /.
36 Proviod o simple cinansuon i tre

USIIKEIS) € how INC Acvilv OF (ask was
oeriormeo incorracily (¢.g.. SGT Smaun
MDropeny 03CKEO Ms M5 truck wilthour 8
1710uUNg QuICe

«

7 In your opsIon. wity was ihe misiaxe nage -

or e acuwity ocriormes uwicomreclly?  Cheek the
INQS! MPONANt rMeason

L1 Checx ne xoek corresponaux) 10 ING piece
il CQUIDMCN! aSSOCIAlET with INE DEISON N BIOCK
‘2 (8 Q. SGT AGams was Srving me "al-tauit
HMMWVY s name witi pe - 8lock 12 3ng nis
venicie win pe nem 8.in Ssernon C beIow).

SECTION C - Property'maienal invoives

Comptete Slocas 52-59 on caen oicce
Property or iem ot equicten) Involveg \he
acoaent wnemner aamagea or notl  Increde
Army ang non-Army. as well as equioment
whOS8 usC or miIsuse contnduled (o Ine accioent
InCuos uo © 3 iems of equpment on INB ML
‘orm. Use AULMONY dlank shoels Ol paper (o
olner eguiomsni 1 nceessary. continuing ienicr
soquence e A 8. C O sna &)

S2. Tyee ot equioment i¢c q. segan truca
generator)

€3 Ful mmtarv equipmant mpgel numecr o
SiviliAn Naxe e v MIQSAZ . MBOA2 Sorz
LAUTUS MITE sty

£s. Esunialug cosi of Ganage (£CCU 3 auiv
cost ot damage (ACQOD) tor cach mcce
£roDefty. wiiCh MCIUOCS COSIS Of £ArS 8i10 1avor

S/, InohCale it is SPOLIIC e was deing lowe
al the me o1 the accigent.

£8. I Block §7 15 “yus™. maICA® winen Hem wa
S0iInG 1he 1wing.

60. Compiete 101 cach component &r pan wids.
ialure Of malunchon ConnpuIea I ir.e accioen.
Inctuoe the EJIR/QDR number in Bicex 60e.

€1. Ingicaie now ang wnv @acn comoonent (
Pt 100 or Mallunehnned Dy saipcung Irom .
hs1s orovioeo ang ontenng (N8 apOrODHAN: NUMDE
1N Ne DIOCXS DroVIcad.

SECTION D - Environmentai Conamons
invorvea

62. Chetx the envwonmental CONUWOIS CICSL
at the Ime ot the accusom (N0 Mmor» man J) Oy
Checkmy 3ppropnale DIOCKS. witgiher contnbutne
10 the accoent or nol. AISD CNECX whethor they
CauSHY OF CONVIOUIAT IO INC acLITent.

SECTION E . Accigent DaescnptionNamranve
63. Fully oescnoe the seQuunico Of events inal
{C30 UD W ano caused IN@ acawaCNt.  Exuldin how
ang wiiy Ine accigent occummed.  AlSO uiuoe
MIOMM3uoh requwed from Biocks 10 anc 3/

SECTION F - Corractive Acuion ana
Commanda Review

Note: The tevet of commana review (Comoarny
Bananon. Division. et ) 1s cetermanuo oy eance
the maor Army cominana (IMACOM) of instalaion
poucy.

65. Fully descridu all atuons eheM, DIANILY. L
rocOmMMONNeo 10 chmnaie th@ causets) ol s
accigent.  Acuons shoulg be 0entiied as
approonale a! umit leves anag all he wav up 10
HQODA kevel.

SECTION G - SAFETY OFFICE USE ONLY

71 MACOM responsidie 1ot lUns  accident
(FORSCOM. TRADOC. erc ).

SECTION H - Special interesvSuppiemental
intormanon

This socuon s 1or use oy Ine U.S Army Salaly
Ceniar. MACOMS. or mieresiad saiety oHioes 10
0Dl JoMonal Spacidl InterasySuppitinerial
Infonmauon  on tus acCIOCIN as neeoea (... At/
lank hres. (ancs! paracnute 3cciaents e
8I0CkS 76 3@ 77 have DBON UCSIYNAING fur
conecton ol suOpICMEntal iorMmanon on
carachuinn accioants.

Blocks 76 ang 77 1! Biock 3199 was chockud
orowviae the oliowny SuDDIeMENIal ¥IBrMavon tur
aCh NUIVIOUA!.

a Name ol nmoe~

5  Jumper negnt;

¢ Jumpor wewn!:

o] lype of wmo (stauc nne nun-
lachCal: S1anc uny. Mass leehmcdr  truwlglt
non-lacucal: treersil. racucal),

e Type 0! parachuie ano modu!;

! Jumper's caupinent {/st).
wennt of cquioment
Wing grocion 6ng Speed at
1) Jump newnt
(2) Oroo zone.

Jump aiituu:
JuImper's posion 1 SUCk and 4oor

30

k. Tune pre-ump conoucieq:

L Date of 1asi jump ang type o wmp,

m  Numbar 0! Drevious JuMmps:

n.  Dalc gragualec Irom pdasic airporne
\raimng (year ano montn|

o. Type ot aucrant

£.  Acclaent Causels). knproper ext. saic
hng nury, Oroken StaliC hine  pgaracnulc
TANUNCHON, cAtanginent, 10S1 O SOt air

OSCIIALoN, uNSIADIE 0OSIVON. OraYYeod oun O wcu
idNONG. OICD 20NC hAZAIS 1 SDECINVI. ur Olher



AN _ __
U.S. ARMY ACCIDENT REPORT FORUSASC Usk oMLY ' Regwirement Control Sympol
TN USH 0 IR M st AR 38540 e roponent 30cAcY 13 LCSA 1 CS0Cs-308
SECTION A - ACCIDENT INFORMATION
1 “HECX ONE 2 uc ’""‘é wenmesuan Cooer 133, UNIT MAME AND MILITARY AQDRESS b BRANCH Armer. inlantry. wic )
16-Oi0% Cooe et Una m
T a NITAL aceigone
C & CHANGE
. CATE OF ACCDENT H TIME OF s SEMO0 OF ? ACCIOENT ‘ [ ] IF ON POST. NAME OF 9 ACCIDENT OCCURRED
ACCIDENT JAY Thsck OCCURRED INSTALLA TIONFACIUTY DURING (Checx ene
e TR B MO ;. Dav sourasy Times ones Chosa oner i 03 5. Comoat
' l 2« Cav 03 Onbom |
. | o b. Nognt O o Ot Pony ’ 0O b Nen-Comost
10. WERE EXPLOSIVES OR AMMUNITION 1t EXACT LOCATNION OF ACCIDENT [Dolavion 0aowgn 50 1€ i swia) (S1aie NBe of 1CIN )
NWOLVED OR PRESENT
T Yez (Sew mmrucron Boows
: No
SECTION 8 - PERSONNEL INFORMATION
12 NAME (lasz. Sww. wi) 27. CLASSIMICATION AT TIME OF 28 CAUSE OF BLUAYOCCUPATIONAL LLMESS
ACCIDENT Checas (CHOTE SN Mot senews)
3. Acine Army a  Suuex Agame »  Ovasemsruon
13, SOCIAL SECURITY NUMBER 1SS 14 AGE
i Aty Crviien B Suucs By . Exposre
¢ Ammy Conuscior ¢ Fetl irom Extvainen |} Externss Comacy
1S, SEX {Checws 1§ RANK OR 17. MOSSJ& .
C o Mee CRacE -G8 sames la. Nonanpropnesed Fun a  Fall irom Same Low K yemed
= b Famam INAF)
P oy ¢ Couom mv unoey i iInnaeg
. OORESS V30 OMevy A 100 Al Siin oo > }
~ Porsonneu @ areront o0 Cubeh 1 208 RO [o Ot u.S. Miary Eotwean 7
Ih ROTC I Rubbacrsomoen
{9 Dctoenocent 0. . SBooily Reacunn
s 25. SO0V PANIIS) ASFECTED
in NG8 Twcn (CASER Sramary) (e mare o 3)
Py | 1 NQ@B DT
" 2ZToEwY s e ¥ [0 CaeTT STATUS hoce ‘ 3 Souw (Generar) o Fows
9. OnDuw ‘ O a3 e K NGB AT
i [} Hesa ‘ Q [N* -]
b ON Duiv O b Ne I« NGB ADSW
.  Forehead t. Knem
CONMNUOUS OUTY ez, 22 MRS SLEZM IN LAST 24 i NGE AGR :
Ware S svvo) ; 4 Ews & Anke
|m NGBaAOT
6. Nose jr  Fuor
23. OCAYSLOST/Ex i <4 DAYS MOSPITALZED Us ‘
‘008 1r0Mm ware- R:e::l::l: ‘ Eal N et imea l " JSAR 0T ‘ " Toes
8V OF iniury. GOt rewnen » " ! Jow
quenere.; i 1004Ment: NOt 107 .3 USAR AT
I 2080rvaNOn onm ) g Noca ] v OTHER rSpecew)
0 USAR ADT
h Trune
25. OAYS OF RESTRICTED WORK ACTMTY /Fy numoer o deve i a USAR FTM
DOrBOT CHNNCE Parvew™ 10Q IS¢ ULTiOT. g autwproive ; R Ch‘n
|t Coramon Natl Duact rre
' Heant V
25.  SEVERTY OF WLNESSINUUAY [Checa Oner |'s  Foren Nat. rore
k Bach
> Fams {1 Formon Nai. KATUSA
J Shousswr

. Permanent Tota Disability. Prrson cas never ’ " Forowgn Ml Allaches 10 the

|
| o
SQIN 00 GRNIW wiWK | JS ARMY ‘u\ Arm }
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SECTION B - PERSONNEL INFCRMATION (Continued)

48. Time on g (Chees one) 45 Totst AMY driving missgu (CHeC aney 85. Tota ume m wat (Chexs sner
2 Less then onc vear "la  Less inan 1,000 muss 3 Less inan 6 monins
|8 Cnewiwo wars | 1.000 - 5,000 mues D. 6 monene- 1 year
'c Over iwo venrs f.: 5.000 - 10.000 muss ¢.  Ower one vax
. '/
|d  Unacenseo |d  Gver 10.000 mans ///////////////////////WI
§1.  WHICH ITEM FROM SECTION C APPUES TO THE INDIVIOUAL NAMED IN BLOCK 127 (TIuS IS 10000G 1) Oruer (0 ruiaim W DUrson m OIoca 12 0 ihe
QTUIDMONUVONCI® DOIOW )
O tema 3 ltem8 O ‘eemC O OTHER (Specity)
SECTION C - PROPERTY/MATERIAL INVOLVED (Whether Damagea or NoU)
| ITEM & i TEM® l TEM €
| |
82 Tvue vl nem 1 \
S3  Muus numuer ] ‘ I
54  Ownerzrup (DD LA POV unit Forsom ! | l
] |
55 Dullar co2t o1 amayy [ l
56 Rollover protacthon svsiam meiaina? | Qe One 0O wNa . Q ves QN O Na i Qves QN O NA
S7  Was trus ilem dbeng Wwwea? b3 Yes C ~e 3 Na L Qv 2 No = oNa | Oves = Ne O Na
SB. 1l loweO. ENIer KUY 1OV HEM UNINY (LWINY ! .
59  Tvpes of comvsion cones (Prek up i invow from | | ’ I i | | '
4S1 DOIOW and uniee 1) DIOCAS. ! 11 Setvence | | s } ! ’ i i
of Collisiong
QING IOMWare ang coused with Moving veniee 7. Ran off the road
N Gaing lorwars ang comgea wilh parkes venicie § - Jacaxruieo
3 - Colison wnue pacxing 2 Gung 10rwWaro ana redr-engsy Moving verncly
4 - Colision with pepesinan 10 - Gang torwaro ang rear-enoeo pared vericle
S - Colhsion witn otect (0INGr than vOInCk/DEoUSINGN 1. Calioon wiie nrmng
6§ Cvenurneg 2 Ower 1Soeciv)
60. ComponenvPan il FalecMaliuncuonea (C te th1s "am [} c 10 the )
{ TEM A TEM B i TEMC
a.  Nanonat Siock Numoer l ' |
t 1
! ! |
b. Pant Numoer ! nl ‘
i { |
¢. Oascrbe Pan f l
| .
¢ Manulacwurer s ioenuncauon Coace ! ;
! i
ll
e. EIR/QDR Nuinoor i
61 o v P ™ 130G COUL leum =Oow i Ny 10w wry HOow ' v

oW " 198 DOIDW OIG Sraies 1M INSE WIOCA 3019CH couww
‘roMm Wi " 1131 8rv@ enrer in sucond Black |

! ’: t

How Part Faileg/Mattunctionea Coaes

@~ W» .

vErnealec dumea/ mened 9 -
z8 (tOMmperature) 10 -
DINCRS/CICX)NRA AR
Vibrateg 12 -
- =yubbCO/wornviraves *2
- Corrooeonmusiso oines té
- Overpressurca/durst 1%

- Puiegsstreicnea Slank -

~ wisteanorauay

S SNpressed/Mvounclurea
Senvwaroes

Shasrea/cul

2 &avewaecomoosed
Z:2CINC Current acuon

- ARnowrvilthar

ol tenor a0

Why Part FarlegiMaliunctionea Cooes

DRCURKT I S W S

Improoer equipinent oesiyn
INAcSTUIe MaMBNanco

inacequate manutacture ot egquioment
113000UAIE WNRNEN Procoourss (AR, TM. SOP)
IMCIONCY SLOCIVISION

UORNOwN

Other Speciy 1n narranve)




SECTION B - PERSONNEL INFORMATION (Contnued)
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SECTION D - ENVIRONMENTAL CCNDITIONS INVOLVED
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1.0 PROCESS DESCRIPTION

This practice defines the process for investigating serious accidents in
TVA including initial accident notification, assignment of an
investigation team, conduct of investigation, reporting, communication of
findings and recommended solutions, and follow-up activities.

2.0 OBJECTIVE

The objective is to ensure that a thorough investigation is conducted by
establishing the facts related to the accident, determining the factors
that caused or contributed to the accident, and determining the actions to
prevent a recurrence. The objective is not to place blame on individuals
or organizations but rather to identify why failures occur and to ensure
appropriate corrective actions.

3.0 EVALUATION CRITERIA

3.1 The Designated Agency Safety and Health Official (DASHO) shall review each
serious accident investigation to ensure that all steps in the process are

‘ completed, the investigation adequately identifies contributing factors/
causes, and recommended solutions are implemented to prevent a recurrence.

4.0 REFERENCES

4.1 Title 29, Code of Federal Requlations, Part 1960, "Basic Program Elements
for Federal Employee Occupational Safety and Health Programs and Related
Matters," (defines "serious accidents" and establishes reporting
requirements for accidents defined as serious).

4.2 TVA safety Program - Management Practice/Reporting and Investigating
Injuries/Illnesses.
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5.0 FLOWCHART

SERIOUS ACCIDENT INVESTIGATION PROCESS
Senior VP, VP Program Senior Accident Safety, Senior VP
or senior DASHO Manager, Facility Investigation | Program Communi-
company officer LR&S Manager Team (AIT) Operations cations
A2
Notification of Other Serious Events
(see paragraph 6.3)
T i
i i A3
Notification of Serious Work-Related Events SV —
(see paragraph 6.4 & attachment 7.1)
H
i A5 AB Ad
Appoints accident y ints a
investigation team | “:”cés ) il
(see paragraph 6.6) nvestigation spokesperson
‘ A7
Prepares
accident report,
18120, and
analysis report
y 48
Management and Employee Briefings
(see paragraph 6.9)
AS A10 l A12
orward Provide Accident Investigation Records
h i i (see para gmhe 13)
_reports a briefing paragrapn ©.
implements of :
recom- inspection
smgi: . results
A1 A13 No D2
Advise Recom
Business ;ﬁmn%ned -mended Yes
Council of [™ 37 Sions solutions End
program completed
deficiencies ?

* Alpha-numeric designations provide a means of referencing portions
of the flow chart in the text to follow.
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PROCEDURE
Event (Activity Box Al)

This practice applies to all serious accidents that result in any of
the following occurrences. EXCEPTION--Radioclogical control and nuclear
operational safety incidents subject to other specific reporting and
investigation requirements are investigated by TVA Nuclear (TVAN) as
required by applicable procedures.

Serious Work-Related Events

A fatality or in-patient hospitalization of three or more TVA employees
within 30 days of an accident.

Accidental damage to TVA property with an estimated value of $250,000
or more excluding operating losses.

Any event which under slightly different circumstances would have met
the criteria in 6.1.1.1 or 6.1.1.2 or may meet these criteria in time.
An accident will be defined as serious under this provision upon
agreement by the DASHO and the senior vice president, vice president,
or senior company officer.

Other Serious Events (require notification but not investigation in
accordance with this procedure)

TVA employee fatality occurring during nonwork status.
Serious accident involving contractor employees.
Fatalities to members of the public on TVA property.
Decision Diamond D1

For serious work-related events go to paragraph 6.4. For other serious
events go to paragraph 6.3.

Notification of Other Serious Events (Activity Box A2)

Other serious events as defined under paragraph 6.1.2 shall be
immediately reported by the senior site manager to the appropriate
senior vice president, vice president, or senior company officer and
the Program Manager, Labor Relations and Safety (LR&S) (see attachment
7.1 for telephone numbers). The senior vice president, vice president,
or senior company officer will ensure that the Board; appropriate
company officer; and Senior Vice President, Communications, are
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notified. However, these events are not required to be investigated in
accordance with this procedure.

Notification of Serious Work-Related Events (Activity Box A3)
The senior manager at the site of the accident shall:

Immediately notify the senior vice president, vice president, or senior
company officer and the Program Manager, LR&S, as required in
attachment 7.1. The notification shall include the accident location,
time of the accident, name(s) of the individual(s) involved, the extent
of the injuries, the name and telephone number of a contact person, and
a brief description of the occurrence. The Program Manager, LR&S, must
be notified as soon as possible so TVA can comply with the OSHA eight-
hour reporting requirement.

Secure the accident scene to prevent any disturbance of the evidence
and to protect people and property from any hazards associated with the
accident until the scene is released by the Accident Investigation Team
(AIT) chairperson.

Identify all witnesses to the accident and obtain, where possible,

preliminary witness statements. Witnesses should only be asked to

state what happened in obtaining factual information concerning the
accident. Other detailed questions will be asked by the AIT.

Photograph, if possible, the accident scene.

The senior vice president, vice president, or senior company officer
will notify the TVA Board and the appropriate company officer (see
attachment 7.1)

The Program Manager, LR&S, makes the notifications listed in attachment
7.1.

Media Spokesperson (Activity Box Ad4)

The Senior Vice President, Communications, will select a spokesperson
to deal with the press and other members of the public during the
accident investigation process. This person will serve as liaison
between the AIT and the media for release of additional information.

The "Accident Report" (paragraph 6.8.2) may be released to the media
after senior vice president, vice president, or senior company officer
review and approval. After release of the report, the AIT chairperson
will be available to the media to answer questions.
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AIT Appointment (Activity Box AS5)

LR&S will maintain a list of several managers (PG10 level and above)
from each line organization that are trained in accident investigation
methodology. Managers on this list should also have a knowledge of
quality improvement techniques. :

Membership

The DASHO, in consultation with the senior vice president, vice
president, or senior company officer of the organization where the
serious accident occurred, will appoint an AIT to include:

One line manager from within the organization where the accident
occurred other than the facility where the accident occurred. This
manager will be selected as the chairperson. This manager will be on
the list of trained managers discussed under 6.6.

Two line managers from the facility where the accident occurred.
The safety manager from the organization’s central staff.

Two line managers from organizations other than where the accident
occurred. At least one of these managers will be selected from the
list of trained managers discussed in 6.6.1.

A representative for the DASHO. 1In addition to responsibilities as a
team member, this individual provides advice relative to interpretation
of this practice and provides expertise relative to accident
investigation techniques. This team member will represent the DASHO
during the investigation process.

Advisors

A representative from the General Counsel (GC). This individual
provides advise and expertise on legal aspects of the investigation.

If preliminary evidence indicates, the AIT chairperson may. request
assistance from the Inspector General’s (IG) office.

If preliminary evidence in a fire indicates arson, the AIT chairperson
will request assistance from the TVA Police.

Others with appropriate expertise as needed, such as engineers, fire
protection engineers, etc. If the service of advisors are secured to
assist in the investigation, they will perform tasks delegated by the
chairperson. They will provide results of studies, tests,
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examinations, etc., to the chairperson and be prepared to answer
questions by the AIT.

Conduct of the Investigation (Activity Box A6)
The scope of the investigation will include:

A complete determination and thorough analysis of the facts,
circumstances, and conditions related to the accident.

The factors that caused or contributed to the accident.

An evaluation and determination of the actions necessary to ensure this
accident (or similar type accident) does not recur.

Investigation Methodology

The AIT will report to the accident scene as soon as possible but in no
case later than the day following the accident.

The AIT chairperson will brief team members on: (1) the purpose and
scope of the investigation, formats, time constraints, etc., (2) back-
ground and preliminary details of the accident, (3) status of the
accident scene (security, existing hazardous conditions, necessary
precautions, personal protective equipment needed, operational needs
for the investigation, etc.), and (4) arrangements for clerical and
other administrative support.

The AIT will use analytical techniques, such as the TQM six-step
problem solving methodology, Event Critique and Root Cause Analysis,
Fault Tree Analysis, and Management Oversight and Risk Tree (MORT), in
arriving at its opinions and recommended solutions. Whatever technique
used should look at both programmatic and physical causes related to
the accident. Specific additional instructions may be given to the AIT
by the senior vice president, vice president, senior company officer,
or the DASHO.

All evidence should be secured and maintained as part of the accident
investigation file and classified as administratively confidential.

Interviews will be taped and later transcribed and/or a court reporter
may be used. If there is any question about whether an injured
employee can be interviewed, Health Services shall be consulted. All
interviews are considered confidential by TVA.

Reports (Activity Box A7)

The Accident Report shall be completed by the AIT within five working
days of the occurrence. This report contains only factual information
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and can be released for public information (see Attachment 7.2 for an
example Accident Report cover and distribution).

The AIT is responsible for completing the form TVA 18120,
Injury/illness Investigation Report, within six working days. 1If
necessary, the 18120 will be revised to include causal information that
was not available when the 18120 was first submitted to LR&S.

The "Accident Analysis Report" (2d report) shall be completed by the
AIT within 30 working days of the occurrence. If 30 working days is
not feasible, a time extension must be approved by the senior vice
president, vice president, or senior company ocfficer and the DASHO.
This report will provide an in-depth analysis of the accident to
identify all root causes and contributing factors. The analysis will
consider all possible physical and programmatic causes. This report
includes the final listing of opinions and recommended solutions. This
report is administratively confidential (see Attachment 7.3 for an
example Accident Analysis Report cover and distribution).

Management and Employee Briefings (Activity Box A8)

The AIT chairperson will provide copies of the accident analysis report
to the senior vice president, vice president, or senior company
officer; DASHO; and Manager, Safety. A briefing will be scheduled to
present the results of the investigation. At the discretion of the
senior vice president and DASHO, they may invite others as appropriate.

As soon as possible following the briefing in 6.9.1, the senior vice
president, vice president, or senior company officer; DASHO; Manager,
Safety; and the AIT chairperson will brief the affected senior company
officer if not included in the briefing in 6.9.1.

As soon as possible following the briefing in 6.9.2, the senior vice
president, vice president, or senior company officer; DASHO; and the
AIT chairperson will brief the Executive Committee.

The senior vice president, vice president, or senior company officer
will send copies of the final report to the Chief Operating Officer;
Chief Administrative Officer; President, TVAN; the senior manager at
the site where the accident occurred; the GC; Manager, Safety; and the
DASHO. The DASHO will ensure that the agency health and safety
committee is briefed on the accident at the next scheduled meeting.

The senior vice president, vice president, or senior company officer
will ensure that managers and employees at the facility where the
accident occurred are briefed on the investigation results within 60
working days of the occurrences. If investigation results are
applicable to other TVA employees, additional briefings may be
scheduled as necessary.
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Share Information and Implement Recommended Solutions (Activity Box A9)

The senior vice president, vice president, or senior company officer
will assign responsibilities for implementing and following up on
recommended solutions to ensure efficient and timely implementation.
The senior vice president of all TVA organizations will review the
recommended solutions and be responsible for replication of corrective
actions as appropriate within their organization. The DASHO will be
responsible for monitoring this effort.

The senior vice president, vice president, or senior company officer
will ensure that preliminary findings and recommended solutions that
might be applicable to other TVA facilities and work locations are
promptly disseminated throughout the agency. The DASHO will provide
assistance as needed and monitor related activities to ensure adequate
sharing of information.

OSHA Report (Activity Box Al0)

The DASHO shall provide OSHA, Office of Federal Agency Programs, with a
briefing of the accident investigation. This briefing shall include:
date/time of accident; agency/establishment name and location; accident
consequences; a description of the operation, accident, causal factors;
and agency corrective/preventive actions.

Advise Business Council (Activity Box All)

The senior vice president, vice president, or senior company officer
will advise the Business Council of agencywide implications or any
program deficiencies identified by the investigation.

Accident Investigation Records (Activity Box Al2)

After completing the investigation and briefing, the AIT chairperson
will send all accident investigation materials to Safety, Program
Operations, MPB 1B, Muscle Shoals, AL 35662-1010.

Safety, Program Operations, will retain all original AIT investigation
documentation in TVA's serious accident repository file. Release of
any part of the accident file will require DASHO authorization.

Follow-up on Recommended Solutions (Activity Box Al3, and Decision
Diamond D2) :

The DASHO, as part of corporate oversight responsibility, will
periodically follow-up on AIT recommended solutions until all are
completed, as well as assess the effectiveness of this practice.
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Attachment 7.1 SERIOUS ACCIDENT NOTIFICATION CONTACT LIST

Senior manager at the facility/site where the accident occurred contacts:

1. Senior vice president/vice president/or senior company officer

2., Program Manager, Labor Relations and Safety (Tommy Lucas)
Office: 423/632-7753 (during business hours)
Home: 423/524-3723 (after hours)
Pager: 1-800-443-7243 (24 HOURS)
e Wait for voice prompt and enter access code 032182
e Wait for a beep - enter your area code and 7 digit phone number
Alternate: Manager, Safety (Gene Walters)
Office: 423/632-7756
Home: 423/922-3679

" Senior vice president/vice president/or senior company officer contacts:

1. TVA Board: 423/632-2531
2. As appropriate, contact either:
Chief Operating Officer: 423/632-3108 or 423/751-7572
Chief Administrative Officer: 423/632-4765
President, TVA Nuclear: 423/751-4470
Chief Financial Officer: 423/632-3987

Program Manager, LR&S, contacts:

1. OSHA Area Office: 423/781-5423 or 1-800-321-0OSHA

2. Designated Agency Safety and Health Official (DASHO): 423/632-7870

3. General Counsel: 423/632-7038

4. Inspector General: 423/632-4120

5. Employee Assistance Program: 432/751-2850

6. Assistant Administrator of the Tennessee Valley Trades and Labor (T&L)
Council: 615/885-4323

7. Appropriate T&L Craft Representative

8. Chairperson, Salary Policy Panel: 423/751-8604

9. Teamsters Union: 706/861-2160

10. Senior Vice President, Communications: 423/632-8018
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Attachment 7.2 Example, Accident Report Cover and Distribution

June 8, 19XX

Senior Vice President, Vice President, or Senior Company Officer

ACCIDENT REPORT, FATAL INJURY TO JOHN DOE, JUNE 4, 19XX

Attached is the "Accident Report" concerning the fatality of John Doe, Building
Maintenance. This report was prepared by an accident investigation team
consisting of the following members.

Name Job Title and Organization

(Name)
Accident Investigation Team Chairperson

Attachment

cc: Designated Agency Safety and Health Official
General Counsel
Inspector General (As appropriate)
Senior Manager at Site Where Accident Occurred
Chief Operating Officer
Chief Administrative Officer
President, TVA Nuclear
Chief Financial Officer
Senior Vice President, Communications
Manager, Safety
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Attachment 7.3 Example, Accident Analysis Report Cover and Distribution

ADMINISTRATIVELY CONFIDENTIAL

ACCIDENT ANALYSIS REPORT
FATAL INJURY TO JOHN DOE
BUILDING MAINTENANCE
June 4, 19XX

SUBMITTED BY:

R. A. King, NP Date
Chairperson

AIT MEMBERS:
1. C. J. Peoples, BM

2. J. J. Holland, BM
3. 0. W. Lawson, NP

DISTRIBUTION:

TO: Senior Vice President, Vice President, or Senior Company Officer;
Designated Agency Safety and Health Official; Manager, Safety; General Counsel;
and Senior Manager at Site where Accident Occurred.

This report has been developed to allow improvements in TVA's safety program.
This report will not be reproduced.




A-14.6 ATTACHMENT;: U.S. Department of Labor Form CA-1 (Nov. 89) - Federal Employee’s
‘ Notice of Traumatic Injury and Claim for Continuation of Pay/Compensation




~ederal Emptoyee’s Notice of
Traumatic Injury and Claim for J.S. Department of Labor (4))

. R . Embloyment Stanaaras Administration
Continuation of Pay/Compensation Office of Workers' Compensation Programs
ployee: Plesse compiete all boxes 1 - 15 below. Do not complete shaded areas.
itness: Compiste bottom section 16.

Employing Agency (Supervisor or Compensation Specialist): Compiete shaded boxes a, b, and ¢.
{Empiloyee Data
. Name of employee (L.ast, First, Middle)

12. Social Security Numper

3.Dateof pitn  Mo. Day YT 4. Sex {5. Home telepnone i 6. Grage as of
i , i TMale Femaei ( ) ‘ cate of inury | gyel Step
7. Zmpioyee's home maiing aaaress (Incluae city, state, ana 2:p coae)

8. Depencents
O wite, Husbang
O chitdren unaer 18 years
O other

. Description of Injury
9. Piace where injury occurred (e.g. 2na tloor, Man Post Office 8iag., 12th & Pine)

*0. Cate imjury occurred . Time i1. Date ortus notice  ; 12. Employee’s occupation
Mo. Day Vv . —am: Mo. lay vyr. !
: Co ! Com. i : i

3. Cause of injury (Describe whnat nappened ang why)

a. Uccupauon coge -

. Nature of injury (Identfy DotN the INjury anga tne part of £ogy, e.g., iractu:e of ieft 18g) b. Type coge | c. Source cood

OWCP Use - NOI Code

, Employee Signature

*S. I cerufy, unger penaity of law, that the Inury Cescrice aCove was sustained in oertormance of duty as an employee of the

nited States Government anc that it was not causea by my willful misconauct, intent to injure myself or another person, nor by
my intoxicalon. | heredy claim meaicai treatment, if neeasd. and the following, as cnecked deiow, while disadled for work:

. Conrunuation of raguiar pay (CCP) not to sxceed 45 cays anc compensation for wage loss if disabliity for work continues

beyona 45 cays. If my ciaim is denied, | UNGErslana that the continuation of my requiar pay shali bs chargea o sick
or annust leave, or De CeeMeC an overpayment within the meaning of 8 USC 8584.

T a. Sick ana/or Annuat Leave

Signature of empioyee or person acting on his/her behait

ARy person who knowingly maxes any faise statement, misreoresantation, concesaiment of fact or any other act of fraud to obtain compensation
as proviged Dy tne FECA or who KNOwINgly ACCBDIS COMDeNnsation to which that person is not entitied {s subject 1o civil or agministrative
remeacies as weil as felony crimingl prosecution and may, uncer approgriate criminal Provisions, be punished by a fine or imprisonment or botn.

Have your supervisor compiete the receipt attached to this form and retumn it to you for your records.

End ot Employee Report

. {Witness

18. S:atement o! witness (Descride wnat you saw. Neara, or xnow apout this injury)

fvame of witness

3 3nature of witness Date signea

Acaress cav . Slate Zip Coae




A-147 ATTACHMENT: TVA Form 9179 (4/88) - Claims of Disability for Work Due to job-
. Related Injury




CLAIMS OF DISABILITY FOR WORK DUE TO JOB-RELATED INJURY:
NOTICE OF EMPLOYEE'S RESPONSIBILITIES

Accoraing to regulations of the Federal Empiovees’ Compensation Act (FECA). as revised effective June 1.
1987. * vou are claiming aisability for work due to a job-retated injury. you have certain obligations as

listed te!ow.

1

FILE A CLAIM PROMPTLY - Complete the empioyee s siae of ciaim form OWCP CA-1 ana submit it
to vour supervisor as soon as possiole. but NO LATER THAN THIRTY DAYS AFTER THE DATE OF

INJURY.

SUBMIT MEDICAL EVIDENCE - Submit to TVA within 10 workdays medical eviaence of disapility for
work due to the claimed injury.

INFORM YOUR DOCTOR OF TEMPORARY LIGHT DUTY - inform your doctor of any offer by TVA to
provige temporary light duty. where possible. to accommodate medical constraints imposed by the

claimed injury.

INFORM YOUR DOCTOR OF ALTERNATE JOBS - Inform your doctor of any particular alternate joos
maae available by TVA. and furnish the aoctor with any written description of the specific quties ana

physical requirements of such jobs furnished by TVA.

INFORM TVA IMMEDIATELY OF ANY MEDICAL LIMITATIONS OR CONSTRAINTS SPECIFIED BY YOUR
DOCTOR. : :

RETURN TO WORK - You are obligatea to return to reguiar duty as soon as you are able to do so.
ALSD. you are obligated to accept suitable offers by TVA of temporary light duty or alternate jobs not

in cantiict with meaical limitations caused by the claimed injury.

RE=SORT ALL EMPLOYMENT AND SELF EMPLOYMENT ACTIVITIES - For all periods in which you claim
COP.or Compensation you are requirea to report all employment and self empioyment activities. You
mus: report the activities performed ana the income earned. Earnea income for empioyment activities
IS cetineq as actual salary. wage. sales commissions. piecework commissions. and other payments ot
vaiue sucn as housing allowances. meais. food. ciothing. equipment. reimbursea expenses. etc. Addi-
tionauy. if you pertormea actvites tn connection with a relative’'s or spouse’'s business, you must report
as earned income what 1t would have cost the embpioyer or organization to hire someone to perform
the work you pertormed. For self emplovment activities. earned income Is defined as the gross income
rece:ved from the activity. if the selt empioyment activity was operated at a loss or if the profits were
reinvested you must report what it wouia cost to hire someone to perform the work you performed.

Accoraing to the FECA. WHERE AN EMPLOYEE REFUSES SUITABLE WORK offered by the employing
agency accoraing to FECA reguiations. ENTITLEMENT TO COP CEASES as of the effective date of availability

of such wGrk.

Where 2n employee FAILS TO SUBMIT THE REQUIRED MEDICAL EVIDENCE WITHIN 10 WORKDAYS
or REFUSES SUITABLE WORK. COP SHALL BE TERMINATED.

| have reen informed of ana unaerstanc :~e emplovee s responsibilities listed above.

=\ PLOYEE'S SIGNATURE  DATE

‘ OFFiC AL SUPERIOR'S SIGNATURE ZATE

ey

PENALT'ZS UNDER 20 CFR. SECTION 1222 ARE SHOWN ON THE EACK OF THIS SHEET.




A-148 ATTACHMENT: TVA Form 255 (1/90) - Report of Vehicle Accident, Theft, or Fire
(TVA Vehicle Only)




TVA 252 (HR-OCH 1-30

REPORT OF VEHICLE ACCIDENT, THEFT. OR FIRE

“repare report immeqialelv arter occurrence. For accioent or nre invoiving 7+-00001 througn T.-49989 sena & ccoies o

nstructions
Transportation Services Crattanooaa ana tor TV-500CC :~rougn TV-99989 sena 3 copies 10 meavv Equioment Department
chattanooga. For tnett sena 2 ccpies to Transportation Servsices or Meavv Zcuipment Department as approoriate ang thir@ cCoov 1<
rearest TVA Public Saretv Otfice Alwavs sena 1 cCOpy tc employee s supervisor. Supervisor ccmoietes Supplement 1pages S ang <
Ing gistrnputes ail tour cages accorging 1o the instruclicns at ine pottom ct 2age 4
TVA Sayrou Name Age Social Security Numper ~/A Teiepnone
DRIVER
2 3et fanatv Jepartren: 2'0ul OF LraAnaT.C”
Supervisor s Name Title TVA Agcress A Terepnone
Sesponsiole Manaqer Title VA Aggress /A Telephone
TIME AND Sate Gecurrea rour Street or Aoaa .ty ana State
LOCATION
TVA \ake Mogel 3oav T.ce . cense Numper
VEHICLE :
DAMAGE Sescrionon of Damage
T0
VEHICLE
Zstimatea Amount
DISPOSITION __ 3uin Service -eMt at 1TVA aarage or otner
OF TVA VEHICLE
PROPERTY amna Ot Property ang £ vent Cf Damage
F
HERS Zsumarteg Amount
¥ Aytomopile. “4ake Ang Year Sody Type -:cense Number State
Zwner Cf FProperty ~garess “etepnone
JS/here Property Can Se S2en B
OTHER Ziner Car Driver s Name Agaress  ooupation *-ieonone
DRIVER . . .
insurance Carrea Bv =ina Of Irsurance
Znver __ Owner __ ‘e — &bty Zoiksion  __ Mearcal
~jame Of Insurance C:Tgany
PASSENGERS Fui Name age i:z-ess ", A NONTVA
OTHER e B - - .
WITNESSES N e e e
PERSONS —_— e — - —
INJURED : . _
IN K — i —
ACCIDENT L

Nature Ang Extent O n oS

Doctor s Name e

Flace 'niurea Were e




TVA 255 (HR-OCH 1-S0)

Page ¢
Speeq mon)
Lignts On Signais Given Vhen Danger -
specitv which) 'SPeCITY WNICh) Sirst Noticed At Impact Legal Limt
A VEHICLE
Jwnea or
rented) '
OTHER |
VEHICLE ;
.
TVA  ¥es | No | ves | No ves | No |
Restraining .ap Belt Instaliea | Shouiger Beit Instaliea ' Preventea Inury i
Dewvices Lap Bell Worn | ' Shoutger Belt Worn I !
l I
HIGHWAY Slacktop Concrete Graver-oirt et Orv ice-snow
CCNDITIONS On grace Level Curve QOpen country Resioential Commercial
LIGHT Dayugnt Night Dusk-gawn Streets ligntea
WEATHER Ciear Rain Snow Fog
TRAFFIC CFFENSE CHARGED TO YOU i DISPOSITION OFFENSE CHARGED TO OTHER DRIVER CISPOSITION (if Known
CITATIONS [
iINVESTIGATING NAME State City County TVA
OFFICER
SKETCH
ACCICENT ' WWrite in street names or numoers & Use soid line to show path betore acciaent
ON 2 Show trath¢ signs ang controt devices — 1 .. ang broken lne atter
t
DIAGRAM 2 Show ianes. gouble yellow snes. center Strips. etc —— N
4 Show airection and distance 1o nearest town. major . accicent. — — » 0
‘ntersection and langmarks 7 Show pegestnan .o
- A
3 Draw ang number venicies involved and Darked 8 Show rairoao
— 3 Show skid marks. ang give lengtns
T e/ Covmers 10 Attach any photos.
! Indicate North
| Dy arrow In circle
}
| /\
H N,
; i /
: i :\\
1 E \\_./'/ ‘
|
| i
]
| ! \
' |
i ! \
i {
! ~
! i ’ N
5 i ' N
DESCRIPTION -
OF ACCIDENT ——
THEFT CR
FIRE -
Use
Jaamnonat
sneets
recessary)
| —_
ACr ACT in compnance with the Privacy Act Ot 1974 tne followina itormanon 1s prowced Collechon of the intormation 1s authorizead by the Tennessee
) valey Actot 1933 16 U SC 83120an0 40U S C 491 Disclosure or intormation 1s requiread by TVA requiations ITVA INSTRUCTION Il TRANSPOR-

TATION Eguioment)

+dNt 10 Cive Crrmingi

An empiovee Of 3 fegeral agency who tans 1Cc report accuratelv a motor vemicle accigent invoiving a federal venicte may
ce subiect to agministrative sanchons The pnncipal purposes tor cSrecting this intormation are (1) To provige necessary cata tor use Dy 1eqQal
Zounsel In anv actions resuling Irom the accigent anad (2} Tc provige accigent /n1ormation anad Statistics tor use N analyzing accigent causes
ana geveloping methods of regucing accidents Routine uses inciuge aisclosure 10 feaeral state and local governments ang agencies when rele-
agmimistrative  ang recuiatory investiganons 3CUONS ang proceeoinqas

=.GNAT(RE OF DRIVES

DATE



TVA 285 (HR-OCH 1-90)

SUPPLEMENT

ADMINISTRATIVELY CONFIDENTIAL WHEN COMPLETED
CONFIDENTIAL OPINION(S) AND RECOMMENDED ACTION(S) TO

PREVENT RECURRENCE OF
VEHICLE ACCIDENT, THEFT, OR FIRE

SUPERVISOR'S REVIEW. OPINIONS. AND RECOMMENDATION(S)

Supervisor compietes ts supplement ana gdistnbutes accoroing to Instructions on page four

Reviewer s Name

Page 3

Date of Accident

“What was happening petore the acciaent?
—— 01 Roaaway arnving
—— G2 Oft-the-roaa ariving

—— 03 Venicle being servicea
C4 venicie e

What type of venicle?
001 Passenger car/van wagon
_.. 003 Compact car
. 0085 Tractor-truck
—- 007 Other tvpe venicie ispecity)

C02 Pickup truck
004 Compact pickup truck
C06 Other truck

tAccigents INnvoiving aamaaqe to otner tvpes of vehicies sucn as ingustrial forkifts. Mowers. SCOOters. CONStruction equipment not being usea as a motor venicle at the time
of the accigent. etc . snould be reported on torm TVA 18002 Report ot Accigental Property Damage, Fire. or Fire Related Incigent)

An acciaent 1s “Driver-Controliabie it in vour opinion the TVA criver couia iikely have preventeg the acciaent through prugent actions. in vour opinion was this accigent '‘Driver-

Controapie ? __ ves ___ No

Why?

t immeaiate actions g0 vou recommenda be taken to crevent recurrence of a simuar accigent?

Recommenaed Action

Person Responsipie Comoietion Date

what long-term actionts) 0o vou recommenag De taken 10 Zrevent a fecurrence of 3 s muar accigent?

Recommenaeg Action

r

Reviewer signature

JQate . e

S.ars0n Kesponsidie Completion Date

St Pgner wyver management signature
+7.3 aproval ot recommenaeq actionts)

Date




Page 4

- Use tor continuation of narrative or other information which in your opinion I1s of importance.

TVA 255 (HR-OCH 1-90)

Distribution :Sena copies or all four pages 10!

OC H&S. “'PB 1E 2078'M

TVA Generai Counsei. Knoxvilie

Transportation Services. Chattanooga (TV-C0001 T\ idgQa
Appropriate Heavy Equipment Department . TV 3CCCC /93993
Appropriate Responsiole Manager



A-149 ATTACHMENT: Form SR-13 (1/93) Alabama Department of Public Safety Accident

‘ Involving a Private Vehicle




(Revised 1/93)
Alabama Departmment of

Public SafEty MontgorF:t.eor;r, AL 36102-1471

COMPLETION OF THIS FORM IS REQUIRED BY §32-7-1, CODE OF ALABAMA 1975,
ILURE TO FILE A REPORTABLE ACCIDENT ON THIS FORM MAY RESULT IN SUSPENSION OF YOUR DRIVER LICENSE.

Q.

i

' For Office Use Only
Oriver License Division ' DOC No.
Safety Responsibility Unit ,
Box 1471

: Case No.

INFORMATION AND INSTRUCTIONS: Completion of this form is required ONLY if a motor venicle accident occurring in Alabama

caused death, personal injury, or property damage to any one owner in excess of $250. The driver of any motor vehicle, which is in ANY

ten (10) days aiter the accident regardless oi wnether or not at fault and regardiess of whether or not the venicie invoived was coverea
by liability insurance at the time of the acciaent. if such driver is physically incapable of making such report, the owner of the motor
vehicle invoived in such accident shall. within ten (10) days after learning of the accident, make such report.

’! MANNER involved in an accident in this stats, is legally required to file a report on this form with the Department of Public Safety within
i
!
|

DATE OF ACCIDENT CJAM. | NO.OF VEHICLES For Office Use Only
|
gem Subject Injuries Claims
LOCATION OF ACCIDENT (ST./HIGHWAY) , COUNTY
VEHICLES INVOLVED
YOUR INFORMATION (PLEASE PRINT OR TYPE) OTHER PARTY'S INFORMATION (PLEASE PRINT OR TYPE)
YOUARE THE: | |ORIVER D PEDESTRIAN | |PROPERTYOWNER | |OTHER | OTHER PARTY WAS: [:l DRIVER | ' SEDESTRIAN | |PROPERTY OWNER | |OTHER
"NAME (FIRST, MIDOLE. LAST) TELEPHONE NO. NAME (FIRST, MIDDLE. LAST) TELEPHONE NO.
ADDRESS: STREET NO. ADDRESS: STREET NO.
cITY T STATE r P

cIry ' STATE arp

|; STATE

1

DRIVER'S DATE OF BIRTH . SEX [y ’ DRIVER LICENSE NO.
. Mr

DRIVER'S DATE OF BIRTH l s&X Om ' DRIVER LICENSE NO. ‘ STATE

¢« iF SAME AS DRIVER,

NAME OF OWNER IF SAME AS DRIVER, I—l
)

Nag GWNER -
! MARK BOX ! MARK BOX L
,‘.o: OWNER: STREET NO. ADDRESS OF OWNER: STREET NO.
ciTY | STATE 2P ciTY | STATE il
| |
CWNER'S BIRTH DATE | SEX ;'.M = OWNER'S DRIVER LICENSE NC. STATE OWNER'S BIRTH DATE | SEX [y | OWNER'S DRIVER LICENSE NO. i STATE
'+ ZF ' OF |

YOUR VEHICLE

OTHER VEHICLE (Use aaditional form it more than two [2] venicles)

YEAR ~ MAKE | TYPE . COMMERCIAL _ vES | STATE YEAR | MAKE | MODEL | TYPE STATE
i i ‘ VEHICLE _~NO | ! :
VIN . ¢ LICENSE PLATE NO.

VIN { «.CENSE PLATE NO.

PROPERTY DAMAGE

CESCRIPTION OF PROPERTY CAMAGE (OTHER THAN VEHICLE,

INJURED PERSONS (CLAIM FOR PERSONAL INJURY ON REVERSE)

INSURANCE AND/OR SECURITY

FULL NAME OF INJURED IN YCUR VEMICLE OIDINJURED L vES
€7 Tino

ADDRESS: STREET NO.

Complete the following as required by the Satety Responsibility Law of
Alabama (§32-7-1 and foliowing sections). Mark only the appropriate box.
All information will be verified.

rs
Ry

STY T STATE

CATECF 8ATH (| SEX [T | .NJURED WAS: (Piease circie:
I T 7 . D DRIVER L FASSENGER 3. SEDESTRIAN (31 OTRER

“JLL NAME CF \NJURED iN YO UR VEHICLE

Sz —

S0 INJLRED T ves |

TREET NO. l

CATECF @'RTH iSEX

= T DRIVER (2 9ASSENGES (3 SE2ESTRIAN & 27-2A

w - NJURED WAS: (Please circiey ‘

. S N

5

[

1. No hability insurance 1n effact at time of accigent.
2. Form SR-23 (fleet policy) on tile with DPS.

3. Your vehicle 1s a qualfied carner with APSC. [ ves (Tno
APSC Certificate No.

4 Department of Public Safety Seif-Insurance
Caruficate No.
. Motor vehicle hability policy issued by

NN

Name of y, not agency)

F2UCY PERIOD FROM T0

=T.2Y HOLCER




A-14.10 ATTA NT: Record of Signatures

Notice: All TVA personnel signing the attached document certify they, the undersigned. have
read this Health and Safety Plan, understand its contents, and will comply with all provisions

contained herein. R N




Signature

Name (printed)

MAAP Cap Extension, Operable Unit Two
O-Line Ponds Area

Contract No. DACA21-94-C-0173

2nd Revision

Date

NOR/K:\WP\ 02886\ SHERP4.WP

10/94



‘ MAAP Cap Extension, Operable Unit Two
- O-Line Ponds Area

Contract No. DACA21-94-C-0173
2nd Revision

Signature Name (printed) Date

NOR/K:\WP\ 03886\ SHERP4. WP 4

10/84




' MAAP Cap Extension, Operable Unit Two
O-Line Ponds Area

Contract No. DACA21-94-C-0173
2nd Revision

Signature Name (printed) Date

NOR/K:\ WP\ 03836\ SHERP4.WP ' 5

10/94




